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«Fhe ustification of a" Energy 


> Tue present is always controlled by the past and the powerful influence 
of things as they are. When a new factor enters the world through a revo- 
lutionary discovery of science there is, of necessity, hesitation and delay, some- 


times for economic and sometimes for inertial reasons. 


The need of war ushered in atomic energy, literally with a gigantic bang, 


The application of atomic energy to peaceful purposes has been more delib- 
erate and hedged with consideration as to what effects the new source of 
energy will have on the economy. 


Where oil, gas and coal are relatively plentiful and comparatively cheap as 


in the United States, there is less economic incentive to develop and exploit 


the new energy to be extracted from uranium. It is difficult to justify to 


stockholders investments in atomic power plants when the kilowatt hour will 
cost more and not less. The situation is different in Britain with its acute 
power shortage and high costs. That is the reason that the building of Calder 


Hall was a “crash” program and we have been more deliberate in this country. 


For the peace of the world it can be argued that atomic energy should be 
speeded to the populous power-poor have-not areas of the world. 


This ap- 
plication of atomic energy, rather than H-bombs, is the real hope for our 
future without disaster. 
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> Tevevision bulbs are made at the rate of more than 10,000,000 a year. This 
glass funnel is being reshaped before it is sealed to the face plate through 
which favorite programs are viewed. 


A World of Glass 


by DorotHy ScHRIVER today. No longer is glass merely a 
> A sHeet of paper, a curtain, a material for window panes, bottles 
hammer handle, and even a fine hair- and _ eyeglasses. 

line filament that is what glass is The first known glass was natural 
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glass formed by volcanic action. Stone 
Age man made arrowheads and 
spearheads from this material. Man- 
made glass has been found which 
dates back to 1500 B.C. The Greeks 
and Romans guarded well the secret 
of its manufacture. The first glass 
manufacturing enterprise in America 
was set up at Jamestown, Va., in 
1609, but the first real scientific in 
vestigations of glass as a material 
were made in Germany only about 
75 years ago. 

Within the past 50 years tremen 
dous strides have been made in the 
manufacture of glass. Much has been 
done in research on the use of glass 
in such fields as the building and 
transportation industries, and in the 
development of atomic energy. 

The earth’s crust contains an abun 
dance of the raw materials used in 
the glass industry. In fact, if the 
earth’s crust were properly crushed, 
mixed, heated to a sufficiently high 
temperature, and then quickly cooled, 
the resulting product would be a 
glass. 

Of the raw materials used in mak 
ing glass, the principal ingredients 
are sand, soda ash and _ limestone. 
Sand comprises approximately 70 
of the finished glass. Impurities in 
sand, normally oxides of chromium 
and iron, give a harmful or unwant 
ed color to glass. For this reason these 
impurities are removed by methods 
including rod milling, scrubbing or 
washing, flotation, hydraulic sizing 
and magnetic separation. 

Glass is a material which, if cooled 
quickly enough through the tempera- 
ture of its freezing point, will pass 
from the liquid to a solid state with- 
out the separation of a crystalline 
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phase. This is the opposite reaction 
of all liquid molten metals, most 
molten inorganic compounds, and 
even that of water. When these ma- 
terials reach their freezing points, 
metallic crystals, or even ice crystals, 
separate out. It is this lack of crystals 
and internal surfaces that give glass 
its transparency. 

Another glass property is its vis- 
cosity-temperature relationship. As 
the temperature of molten glass is 
decreased, the resistance to flow in 
creases. For this reason temperature 
control of glass during a fabrication 
operation is most important. It is this 
property which makes it possible to 
manufacture glass articles in almost 
any shape or form. 

Among the physical properties that 
make glass a valuable material are its 
resistance to scratching and chemical 
attack, its ability to withstand thermal 
shock, its high electrical resistance, 
its mechanical strength, its optical 
properties, and its ability to be mold- 
ed into many forms. The combina 
tion of these and other properties 
makes glass a unique material. 


Applications for glass are numer 
ous. It has become extremely useful 
in the packaging of foods, chemicals, 
pharmaceuticals, beverages, and in 
the manufacture of scientific chemical 
apparatus largely because of its trans 
parency, resistance to high tempera 
tures, and its chemical inertness. 
With the exception of such metals as 
platinum and gold, glass is one of the 
most chemically resistant materials. 


The building and transportation in 
dustries are using glass at a growing 
rate. Other forms of glass products 
such as fiber glass and foam glass are 
being used in some of the newer 
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methods of transportation, in jet air- 
craft and in guided missiles. Glass is 
also playing an important part in the 
development of atomic energy. 

An average person on an average 
day may see as many as 450 different 
kinds of glass in articles with which 
he is completely familiar. Scientists 
have developed formulas for thou 
sands of experimental types of glasses. 

As research goes on, using all of 
the modern techniques such as X-ray 
diffraction, neutron diffraction and 
nuclear radiation, scientists hope and 
believe the mechanical strength of 
glass will be controlled so that it may 
be used as a structural material in 
many new and useful fields. 

Raw materials for the manufacture 
of glass are unlimited. Few other ma 
terials have its versatility. Because of 
its resistance to temperatures gener 
ated at high speed, it may be useful 
for construction of satellite stations, 
space ships, rockets or other appara 
tus to be used in outer space. 

Scientists future in 
which entire areas may be enclosed 
in glass with controlled atmospheric 
conditions. But until its mechanical 
strength is controlled, scientists today 
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find uses for such hybrids as glass 
silicones and glass plastics. From bot 
tles to television tubes, glass is an es 
sential part of our lives. 

Glass containers continue to be the 
largest tonnage of the glass industry. 
However, increasing contributions are 
being made in the development of 
electronics, automobiles, construction 
of all kinds, as well as in many other 
helds. 

No other material satishes the com 





























plex needs of electricity as does glass. 
It is one of the most versatile insu- 
lating materials known, as its dielec 
tric constant ranges from four to 16, 
and its electrical resistivity ranges 
from one million million ohms to one 
billion billion ohms. 

Glass is used for insulators on tele 
phone and telegraph poles because it 
is resistant to electricity and does not 
build up a coating of conductivity. 
It also has a low absorption of elec- 
trical energy. It is impervious to 
water, so that none will be absorbed 
to make it a conductor. 

A new development in the glass 
held is a group of glasses known as 
“solder glasses.” Solder glass has a 
softening temperature much lower 
than the usual melting temperature 
of glass. This low-temperature solder 
glass, developed by the Owens-Illinois 
Glass Company, provides a_ perfect, 
lifetime seal between two pieces of 
glass. However, the seal can be open- 
ed and resealed by heating. 

Science Service has prepared a kit 
containing a shard of “earth’s sur- 
tace” glass, glass tubes, glass rod, two 
glass ampules, glass marble, glass 
beads, glass slide, raw glass-making 
sand, borax and solder glass. A book- 
let accompanying the kit describes 
simple experiments that can be per- 
formed with the glass specimens to 
demonstrate the properties of glass. 

These kits, in limited quantity, are 
available for the curious-minded at 
75 cents each, or three for $1.50, from 
SciENcE Service, 1719 N St., N. W., 
Washington 6, D. C. When making 
a request ask for the Glass Properties 
Unit. 


A detachable container handle has been designed for use in the Navy 
in adapting 10-pound food cans for use as paint buckets. 
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An Address Before The British 


Association for the Advancement of Science 


Very High Temperature Reactions 


by Pror. Grorce Porter 
Department of Physical Chemistry, 
The University, Sheffield, England 


> I wap setter begin this lecture 
on very high temperature chemical 
reactions by saying what I mean by 
a very high temperature. The present 
range of chemical technology extends 
to about 2000°Centigrade for most 
purposes, and rather higher tempera- 
tures in special cases such as the ex- 
traction and refining of very high 
melting point metals. If we go to still 
higher temperatures we enter a very 
different world—a world where solids 
and liquids no longer exist and where 
the gases are composed mainly of 
simple molecules containing only two 
or three atoms. It is this world which 
I should like to talk about. Although 
no solids can stand up to them such 
high temperatures can be readily pro- 
duced—for example by the electric 
arc and by chemical reactions in gases, 
and their application is being increas- 
ingly sought in chemical synthesis, 
such as the fixation of atmospheric 
nitrogen, and particularly for the pro- 
duction of power using the principles 
of the jet engine and that old Chinese 
invention, the rocket. 

When man discovered fire, perhaps 
about a quarter of a million years 
ago, he gave himself a source of high 
temperatures which has been exceeded 
only relatively recently. His first ex- 
periments in high temperature chem- 
istry were undoubtedly in the thermal 


breakdown of foodstuffs which he 
used to assist the lower temperature 
degradative chemistry of his stomach. 
Later he learned how to utilize the 
intense heat of the combustion pro- 
cesses to make for himself a whole 
range of new and useful materials of 
which metals were and still are of 
first importance. Still more recently 
he made another discovery of supreme 
importance when he found that he 
could convert this heat into energy 
by means of an engine and make it 
do his work for him. The study of 
the theory of the heat engine revealed 
a universal principle which is at the 
bottom of our present efforts to pro- 
duce and utilize still higher tempera- 
tures. This principle is a consequence 
of the second law of thermodynamics 
and it says that if we wish to make 
our engine work at the highest pos- 
sible efficiency then we must operate 
it at the highest p: ossible temperature. 
This is as true of the more exotic 
jet engines and rockets as it is of 
steam “and internal combustion en- 
gines. Progress in high speed flight 
and in many other fields depends to 
a large extent on our learning more 
about the nature and mechanism of 
reactions at very high temperature. 
Before we consider some of the in- 
teresting theoretical questions which 
arise in this connection and the lab- 
oratory methods which are _ being 
developed for their study let us look 
briefly at some of the methods of 
producing high temperatures by 
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means of chemical reactions, that is, 
of converting chemical energy into 
high temperature heat. 

The ordinary Bunsen Burner flame 
attains a temperature, just above the 
reaction zone, of 1800° Centigrade, 
while an acetylene air flame reaches 
2300° Centigrade. These are quite 
near to the temperatures which we 
should arrive at if we calculated the 
temperature quite simply from the 
known heat of the chemical reaction 
and the thermal capacity of the 
burned gases. If we exclude nitrogen 
and burn our fuel in oxygen we get 
higher temperatures still—for exam 
ple a stoichiometric methane-oxygen 
flame reaches 2700° Centigrade. Now, 
however, the calculated temperature 
is much higher, 5000° Centigrade in 
this case, since the products above 
the reaction zone are no longer the 
simple ones of water and carbon di 
oxide but contain also hydrogen and 
oxygen atoms and free radicals in 
high concentration. For example in 
methane flame the free radical OH 
forms 14% of the total products in 
the burned gases just above the re 
action zone. The search for still high 
er temperatures from chemical reac 
tions is therefore not simply a search 
for reactions which give out more 
heat but for reactions which give 
products which are not highly disso 
ciated even at high temperatures and 
which therefore utilize their heat of 
reaction to raise the temperature 
rather than to dissociate the products 
of reaction. Hydrogen plus oxygen 
is quite good in this respect but hy 
drogen plus fluorine is much better 
and reaches 4500° Centigrade, hotter 
than the electric arc. Cyanogen plus 
oxygen is one of the hottest flames 
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known—4700° Centigrade. Powdered 
metals also give very hot flames. The 
thermite process using aluminum 
powder for metal smelting is well 
known and the oxyaluminum flame 
attains a temperature of 3500° Centi- 
grade. The beryllium-oxygen flame is 
much better and reaches 4500° Centi- 
grade. These temperatures are high 
enough to melt any solid known and 
their full utilization will depend on 
methods which do not involve close 
containment of the burning fuels. 
Some of the fuels which are at present 
being used in rocket research certain- 
ly make one’s hair stand on end. Per- 
haps you wouldn't mind a trip into 
space alongside a tank of liquid oxy- 
gen or concentrated nitric acid or 
even liquid fluorine. But how would 
you like a large tank of liquid ozone 
as a fellow passenger? 


These temperatures probably rep- 
resent the limit to what can be done 
with what we might, in a broad 
minded sense, call conventional fuels. 
We could get higher still if we could 
use atomic fuels—and here I mean 
truly atomic, oxygen atoms for ex- 
ample, and not nuclear energy. This 
of course sounds quite out of the 
question but it is wise not to be too 
cautious. There happens to be a 
source of oxygen atoms just where 
it is required—in the upper atmos 
phere—in fact about 80 miles above 
the earth the sun’s energy maintains 
a concentration of oxygen atoms 
higher than that of oxygen molecules 
although unfortunately both are at 
very low concentrations. 


What I have said will have shown 
the importance of more knowledge 
about the nature and mechanism in 
gases at very high temperatures and 























































it is time we came down to earth 
and looked, in a little more detail 
at some of the features which distin- 
guish chemistry and research at high 
temperatures from more ordinary 
chemistry. The fundamental princi- 
ples of thermodynamics and chemical 
kinetics are as valid at high temper 
atures as at low but certain new fac 
tors become important and, even 
apart from these, the relative rates 
of the various possible reactions may 
be so changed that the system bears 
little resemblance to anything happen- 
ing at lower temperatures. As I have 
already indicated in the case of high 
temperature flames, new chemical sub- 
stances such as free radicals may be 
major constituents of the reaction and 
the study of the chemistry of these 
substances at high temperatures be 
comes important. The other factor 
which introduces the need for new 
thinking is the extremely rapid rate 
with which a chemical reaction pro- 
ceeds at high temperatures. To a close 
approximation the rate of a chemical 
reaction can be expressed by the sim 
ple equation 
rate = A X 10-8/T 

where A and B are constants. A is 
generally a very large number so 
that the rate of the reaction is only 
kept in bounds by the exponential 
term. As the temperature is raised 
this latter term becomes smaller and 
the rate of the reaction increases very 
rapidly. For example, in the thermal 
decomposition of a typical fuel such 
as ethane the constant A in our equa 
tion might be about 101® and B about 
15,000, when our rate is measured 
per second. Using these values we 
can calculate the time taken for 50% 
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reaction at various temperatures. We 
find 
Temperature ty 


20°Centigrade 108° years 
300°Centigrade 30,000 years 
500°Centigrade 2 weeks 
600°Centigrade 5 minutes 
700°Centigrade 10 seconds 
1000°Centigrade sooth seconds 
1500°Centigrade 1 millionth 
seconds 


Now 1500°Centigrade is a quite 
low temperature for a flame and 
therefore if we wish to study the re- 
actions which take place in any of 
the systems which we have been talk- 
ing about we must expect to have to 
work very rapidly, in fact, in general, 
our reaction is going to be over in 
times of microseconds (millionths of 
a second) or even less. Now modern 
electronic techniques have made this 
sort of measurement quite possible, 
in fact it is possible to work with 
times as small as millimicroseconds, 
that is one hundred millionth of a 
second. But a much greater difficulty 
arises. Suppose we want to measure 
the rate of the decomposition of 
ethane at 1500°Centigrade which, as 
we have seen, 1S over in about one 
millionth of a second, how are we to 
heat the gas up to this temperature. 
You will remember that the reaction 
at 1000°Centigrade took only 4 ooth 
of a second so that, if in heating the 
gas to 1500° we stay at 1000° longer 
than Y%ooth of a second it will near 
ly all have reacted before we reach 
the temperature at which we want 
to begin our experiment. Therefore 
if we simply let our ethane into a 
tube which has been heated to 1500' 
Centigrade we should have no hope 
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of making any useful measurements 
because the rate of its decomposition 
would be determined entirely by the 
rate of conduction of heat from the 
walls of the vessel which takes much 
than the time of reaction. 
This difficulty is so serious that until 


longer 


very recently it has been impossible 
to obtain information directly about 
the kinetics of reactions in this range 
of temperature and we have had to 
be content with long extrapolations 
from measurements made at 
temperatures which, as we 
are not at all reliable. 


lower 
shall see 


Very recently however two methods 
have been developed baipee y make 
possible to do the trick of he: iting a 
gas to a very high saiiidididon ina 
minute fraction of a quite 
uniformly, without the necessity of 
heating the vessel at all. The prin 
ciples of both methods are very sim 
ple and I think you might be inter 
ested to hear about them. 


second, 


The first method uses what is 
called a shock tube—which can gener 
ate extremely violent shock waves. 


When a gas is compressed suddenly i 

gains heat and this sine 
of adiabatic compression s in fact 
been used for the study oO 


some 


f high tem 
perature reactions but has many limi 
tations. When the pressure is applied 
with extreme speed, such as is gener 
ated in an aero 
plane flying faster than sound, a far 
higher proportion of the mechanical 
energy—in fact most of it—is con 
into heat. At Mach 4, ie. 4 


times the speed of sound, the 


explosion or by an 


verted 
nose 
of an aeroplane would be heated 

nearly 1000°Centigrade if it were not 
cooled and at Mach 10 the shock 
wave heats air to 3000°Centigrade. 
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Here is another reason why high 
speed flight is demanding more in- 
formation about high temperature 
chemical reactions. If the aerody- 
namics of missiles and vehicles flying 
at these speeds are to be properly 
understood it will be necessary to 
make allowance for the fact that 
chemical reactions are taking place 
in the shock front ahead of the aero- 
plane or rocket and changing the 
chemical composition of the air. 


the shock wave 
can be produced in an extremely 
simple manner by bursting a dia- 
phragm between two vessels at differ- 
ent pressures. The pressure is pumped 
up in one compartment until it bursts 
the diaphragm and propagates a 
shock wave in the other. In this way 
temperatures of 20,000°Centi 
grade can be produced and, what is 
equally important from the point of 
view of studying the chemical changes 
which take place at such temperatures, 
can be produced quite uniformly 
through the tube in extremely short 
intervals of time. The shock wave 
travels through one millimeter in a 
millionth of a second so by observing 
one narrow tube re- 
only a few microseconds 
can be studied. 
be heated above 5000°Centigrade 


In the laboratory 


over 


section of the 
actions of 
duration Gases can 
the time of ten molecular collisions. 
The very and has 
so far been developed mainly in 
America. Already it has been used to 
study the kinetics of 
nitrogen oxides and of the dissocia- 
It will un 
great value in the 
study of the kinetics of high temper 
ature reactions. It also has possibilities 
for chemical 


method is new 


dissociation of 
tion of iodine into atoms. 


doubtedly be of 


synthesis and 
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have already been taken out for the 
application of shock waves to atmos- 
pheric nitrogen fixation, and the 
gasification of lignite dust, the syn- 
thesis of hydrocarbons from carbon 
monoxide and hydrogen and of am- 
monia from nitrogen and hydrogen. 


The second method of producing 
a high temperature rapidly in a gas 
was developed in this country and is 
known as flash photolysis. The ener- 
gy is supplied to the gas by an intense 
flash of light lasting only a few mil- 
lionths of a second. Usually the flash 
is operated electronically and its in- 
tensity, during the short time in which 
it operates, is equivalent to about one 
million hundred-watt electric light 
bulbs. The method has the restriction 
that the gas must be capable of absorb- 
ing the light but this can usually be 
arranged by the introduction of a 
suitable additive to the mixture. The 
theoretical temperature which can be 
attained in this way is several thou- 
sands of degrees centigrade but again 
when we allow for dissociation proc- 
esses the real temperature is much 
less. Nevertheless very high tempera- 
tures are readily achieved and the 
method has the advantage that the 
energy is introduced in a very specific 
manner which makes the interpreta- 
tion of the results easier. It has been 
particularly useful, when combined 
with spectroscopic methods, for the 
investigation of the short lived species 
such as free radicals which play such 
an important part in high tempera- 
ture chemical reaction. It is being 
used extensively in this laboratory 
and those interested may see the 
method in operation. 


You may have noticed that in the 
last few sentences I have been rather 
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reticent in mentioning exact figures 
for the high temperatures which are 
attained and the reason for this brings 
me to an interesting point which is 
of fundamental importance in very 
high temperature reactions. The fact 
is that the very meaning of tempera- 
ture becomes less precise when we 
are dealing with a very rapidly chang- 
ing system, as we always are when 
we study chemical change at high 
temperatures. When the temperature 
of a gas is raised the individual mole- 
cules are caused to move more rapidly 
and all the other motions inside the 
molecule occur more rapidly, i.e., we 
make the molecule rotate faster, we 
make the atoms in the molecule vi- 
brate more quickly and we may even 
make the electrons in those atoms 
move faster as well. 


When the gas is in equilibrium at 
a certain temperature the energy is 
distributed amongst these various mo- 
tions, or degrees of freedom as they 
are called, in a quite definite way 
and we should get the same answer 
for the temperature however we 
measured it. If we put heat into the 
gas very suddenly however, by a 
chemical reaction or by one of the 
special methods which we have just 
been talking about, it may be a con 
siderable time before this degree of 
equilibrium is reached, in fact the 
greater part of the chemical change 
may be over before we have anything 
which can really be called a real 
respectable temperature. The energy 
passes in rotational motion in a few 
collisions but it may take thousands 
of collissions with other molecules 
before the energy gets into the vibra- 
tions to any extent and even longer-— 
in some rather special cases seconds— 
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before the electrons of the atoms pick 
up their fair share of energy. The 
rates of energy transfer between mole- 
cules and the various kinds of motion 
in these molecules are therefore of 
great importance in very fast reactions 
and in discussions of such reactions it 
is quite common to hear talk of 
translational temperature, rotational 
temperature, vibrational temperature 
and electronic temperature all of 
which may be very different in the 
same system at the same time. 


Even in such a familiar object as 
the bunsen burner flame these ques- 
tions are quite important. The flame 
consists of three parts, the inner cone 
containing cold unburned gas, the 
reaction zone, this narrow luminous 
zone surrounding the inner cone, 
where the reaction takes place, and 
the outer cone containing the burned 
gases at temperatures approaching 
2000° Centigrade which are essential- 
ly at equilibrium. The reaction zone 
is therefore where all the chemistry 
takes place and yet it is so thin that 
the gases are through it and out at 
the other side in about one ten thou- 
sandth of a second. In this short time 
hydrocarbons and air are broken up, 
undergo an extremely complex series 
of reactions and are converted to 
water and carbon oxides. Each mole- 
cule on the average suffers 101° col- 
lisions a second so that, even in the 
short time it spends in the reaction 
zone it will have the chance to collide 
one million times. Considering the 
involved transformations which it 
must undergo however one million 
collisions is not a lot and certainly 
not enough to maintain a true tem- 
perature equilibrium throughout the 
process. For this reason we really 
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know very little about the mechanism 
of this, one of the oldest chemical 
reactions known. Certainly there are 
some odd chemicals taking part— 
the light which you see from the 
reaction is nearly all emitted for ex- 
ample by the molecule Cy which is 
unheard of in ordinary chemistry at 
lower temperatures. 


If we measure the temperature of 
a molecule like this, while it is in 
the reaction zone, we get very pe- 
culiar results confirming the ideas 
which we have just been talking 
about. Although the calculated tem- 
perature on an equilibrium basis 
would be around 2000° Centigrade 
the temperature measured consider- 
ing only the rotations of one of these 
molecules may be as high at 10,000° 
Centigrade. The study of these elusive 
chemical substances and of the trans 
fer of energy between them is one of 
the most challenging frontiers in the 
science of high temperature chemical 
reactions. 


Are we now approaching the limit 
to what can be done in the attain- 
ment and use of high temperatures 
or are there great advances yet to 
be made? Thinking along the lines 
which we have so far followed it 
would seem that the limit has nearly 
been reached. Experience of scientific 
development in the past has however 
taught us that prophets who have 
been presumptuous enough to answer 
questions of this kind have invariably 
been too pessimistic—whether they 
were sober scientists or imaginative 
philosophers. Some new twist is 
found in an old and well established 
cul-de-sac and the path is once more 
opened wide. This has indeed already 
happened and the term high tempera- 
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ture has now aquired a new meaning 
on this planet. The temperature of 
the atomic bomb fireball when it is 
45 ft. in diameter is 200,000° Centi- 
grade, the hydrogen thermonuclear 
reaction attains a temperature of 10 
million degrees Centigrade and other 
thermonuclear reactions, not yet at 
tained on earth such as those of he- 
lium, carbon and oxygen cover the 
range 108 to greater than 10° degrees 
Centigrade, temperatures comparable 
with the interiors of the hottest stars 
or anything else in the universe. Like 
the chemical reactions which we have 
been considering the rates of nuclear 
reactions are temperature dependent 
and therefore if we can get the tem- 
perature high enough to overcome 


Mother’s Milk 


> Tue reason babies thrive so well 
on mother’s milk is that human milk 
contains protein-digesting enzymes, 
or ferments. Studies made by A. B. 
Storrs and M. E. Hull at Armour and 
Co.’s research division in Chicago, 
showed that human milk has four to 
five times the 
cow’s milk. 


enzyme activity of 

The protein-digesting enzymes can 
be added to cow’s milk through a 
process developed by Armour and 
Co. to reduce curd tension. It was 
thought by many specialists that this 
mechanical change improved the di 
gestibility of cow’s milk for human 
babies. The good results with this 


the activation energy barrier our nu- 
clear reaction will proceed at a meas- 
urable rate and maintain the tempera- 
ture for us, or, as more commonly 
happens at present, go explosively to 
much higher temperatures. 

This possibility has very naturally 
caused an increased intensive interest 
in all methods of producing very high 
temperatures. Whether the reaction 
D+D-> He should rightly be called 
a high temperature chemical reaction 
is a matter of one’s point of view but 
since the chemists’ most early ambi 
tion was to discover the philosopher's 
stone his interest in high tempera- 
tures must inevitably increase should 
a very high temperature turn out to 
be the philosopher’s stone itself. 


Has Enz yes 


enzyme-treated milk, however, sug 
gested that something more than low 
curd tension might be responsible. 


The Armour scientists investigated 
the matter. They knew the low curd 
tension was achieved by adding ani 
mal pancreas enzymes to cow’s milk. 
Then they found that enough of the 
enzyme activity remained in the 
treated cow’s milk after pasteuriza- 
tion to be responsible for its improved 
quality. 


They suggest this enzyme-treated 
milk might also be beneficial to some 
elderly people and to some persons 
with allergies. 


A rocket fuel, hydrazine, is now serving industry in the war against 
rust as an agent for removing dissolved oxygen from water. 


Boron, plentiful and quite inexpensive, improves the quality of deep- 
drawing sheet metal, thus lengthening storage life of steel. 
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Helium Research May Bring 
Better Electronics and Alloys 


That Wonderland of Absolute Zero 


by Davin O. Woopsury 


> THE OTHER DAY I stood in a small 
laboratory, watching a scientist draw 
off a quart of crystal-clear fluid from 
a machine about the size of a soft 
drink dispenser. The stuff steamed a 
little, like hot water. But it was not 
hot water, it was liquid helium, some 
500 degrees colder than the inside of 
your ice box. 

When helium liquefies, everything 


else near it has become a lifeless, 
frozen solid; even hydrogen turns to 


ice cubes. At this temperature 
minus 452 degrees on the Fahrenheit 
scale it is chillier by several de 
grees than outer space. Because only 
helium can reach this fantastic state, 
just eight degrees above Absolute 
Zero, scientists are using it to open 
up a wonderland of new and unex 
pected facts in physics and chemistry. 
Some of them are certain to have pro 
found effects upon the processes and 
materials of our everyday lives. 

The on this 
threshold of Absolute Zero could re 
sult, for example, in knives which 
stay sharp. For in this wonderland of 
extreme cold some of our toughest 
metals turn brittle as glass and sud 
denly reveal details of their crystal 
structure that were beyond discovery 
before. And since a knife gets dull 
because the crystals of steel in its 


knowledge gained 


blade break down, low-temperature 
studies — using liquid helium as a 
kind of super-microscope might 
well reveal what part of the crystals 
give way, and why. This brand-new 
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look at the structure of metals could 
conceivably also result in such scien- 
tic wonders as bridges hung on 
steel threads instead of massive cables, 
or rocket motors that won’t melt even 
at the furious temperatures of inter- 
planetary travel. 


Helium, a colorless, odorless gas, 
was first observed spectroscopically in 
the sun’s atmosphere nearly 100 years 
ago. Later it turned up in certain 
Texas oil wells, and is now known to 
come from the disintegration of uran- 
ium and radium. It is one of nature’s 
most “indifferent” elements. It is 
totally unwilling to combine chemi 
cally with any other substance. Be 
cause it won't burn or explode it is 
used in blimps. 

Helium’s complete indifference has 
long been a challenge to scientists. 
Since heat will not affect it, what 
happens, they asked, when you make 
it cold? For years the answer was, 
“nothing” they couldn't 
make it cold enough to liquefy it. 
Air was the first gas to be liquefied, 
at some 300 degrees below zero. Next 
came liquid nitrogen at 320 below, 
then finally hydrogen at minus 423. 
But helium still refused to liquefy. 
At last, in 1908, Dr. Kammerlingh 
Onnes in Leyden, Holland, squeezed 
a few drops of helium out of an in- 
tricate machine he had spent half a 
lifetime inventing. 


— since 


Today liquid helium is almost as 
easy to make as dry ice. The machine 
that does it is called the helium cryo- 
stat and is no bigger than a refriger 
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ator. It can turn out as much as two 
gallons an hour and is well within 
the financial range of any good col- 
lege laboratory. It was invented in 
1947 by Dr. Samuel C. Collins of 
Massachusetts Institute of Technology. 

The cryostat does its work by re- 
lez asing compressed helium into a 
miniature engine no larger than a 
child’s toy. The compressed helium 
expands, and its expansion pushes a 
piston up and down. This effort of 
driving the piston takes energy out 
of the gas, the temperature falls, and 
the helium coming out of the engine 
is very cold. On its way back to the 
compressor to be pressurized again 
this exhaust flows around the pipes 
carrying the new gas coming into the 
engine, chilling it. Thus, after a little 
while the engine is far down the lad- 
der of cold and its exhaust is several 
hundred degrees below zero. In 
about two hours the machine starts 
delivering liquid helium steadily. 

This ingenious trick of using an 
engine to cool a gas rather than to do 
heavy work was devised by a Florida 
physician named Dr. John Gorrie 
more than 100 years ago, in one of 
the earliest attempts to make artificial 
ice. Too elaborate for modern ice- 
making, it is by far the simplest 
method of obtaining extreme labora- 
tory cold. 


More than 92 cryostats, made by 
Arthur D. Little, Inc., have been sold 
in the United States in the last nine 
years; half a dozen in Canada, a 
dozen more in Europe, India and 
Japan. University, industrial and mili- 
tary laboratories all use them. Very 
nearly every known substance of 
scientific interest has been chilled 
liquid helium and studied. But the 
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most fascinating search deals with 
liquid helium itself, for here science 
finds a world gone haywire. 

At present it is difficult to see how 
helium’s startling behavior can be ex- 
plained. Liquefy a quart of it, for in- 
stance, then cool it still more, and 
suddenly it exhibits properties found 
in no other liquid. Artfully it leaks 
through holes too small for any other 
known substance to penetrate. If you 
pour it into an open container, itself 
suspended in liquid helium to main- 
tain the temperature, it will crawl up 
the inside and down the outside, in 
defiance of gravity. If you fill a tube 
with it and pack the top tightly with 
fine-ground emery, creating a slightly 
porous barrier, and then shine a light 
on the tube, it will squirt out of the 
microscopic holes as far as a foot. 
Why? Nobody knows 

Helium in this whimsical condition 
is called a “superfluid” — the only 
one known. Superfluids should not 
exist, according to classical physics. 
They break a fundamental physical 
law. The yet unwritten law which 
includes them, when it is discovered, 
is likely to make as profound changes 
in physics as Marie Curie’s discovery 
of radium did in chemistry. 

It is no simple matter to keep hel- 
ium liquid. It must be discharged 
from the cryostat directly into special 
containers, which look like long- 
necked milk cans. Down inside this 
can is a vacuum bottle hold the 
helium. The space outside this is 
filled with liquid nitrogen, which in 
turn is surrounded by another va- 
cuum space, then heavily padded 
with glass wool to protect the bottle 
from breakage. So little heat can 
penetrate these 









barriers that the 


CHEMISTRY 





hi 
th 


to 
th 
ni 
fl 
se 
be 
co 


ol 


th 
sti 
en 
en 
hi 
m 
hi 
m 
Si 
th 


tu 


lo 


in 


CO 


ul 


re 





>| 
ed 


al 


an 





liquid helium will last for months, 
boiling very quietly but holding its 
low temperature. Small tubes vent 
both helium and nitrogen to the open 
air; without relief valves, the pres 
sure of the boiling gases might 
eventually blow the container to bits. 
Liquid helium can be shipped in 
these containers. 

Most experiments using liquid 
helium are done in glass vacuum bot 
tles, so that what goes on inside can 
easily be seen. If extreme low temper 
atures are needed, the glass is silvered 
to reflect away surrounding heat, and 
the experiment is watched through a 
narrow slit in the silvering. Super- 
fluid helium is colorless; it can’t be 
seen easily until it warms up and 
begins to evaporate. In the laboratory, 
consequently, small plastic floats are 
often used to mark the surface. 

The most important experiments 
concern the nature of heat. Heat is 
the action of the molecules of a sub 
stance driven in all directions by the 
energy they contain. The greater the 
energy, the faster they travel and the 
higher their temperature. The air 
molcules in a heated room speed 
hither and thither at about one-half 
mile per second; in an atomic explo 
sion the particles speed at tens of 
thousands of miles per second. At 
Absolute Zero there should be no mo- 
tion at all. 

A warm gas might be likened to a 
loosely-packed square full of people 
in a high state of excitement, milling 
and pushing and jostling each other. 
As things cool down the crowd be- 
comes quiet and stands fairly still. 
At a sharp command they might line 
up in ranks and stand motionless at 
attention. In this last condition they 
resemble the atoms and molecules of 
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a metal crystal, with every particle 
locked so tightly in place that move- 
ment is impossible. 

For years textbook physics taught 
that the heat-motion of molecules 
slows down evenly as the tempera- 
ture drops. According to this theory, 
metals should get steadily harder and 
more brittle, and resistance to elec- 
tricity should gradually fall to a low, 
unchanging value. But the amazing 
discovery in the world of extreme 
cold is that a large family of metals 
— tin, lead, zinc among them — sud- 
denly change their nature altogether. 
A piece of soft soldering wire, for 
instance, does not simply get brittle 
and break as its temperature drops. 
It becomes a highly tempered spring. 
Electrical resistance does not gradu- 
ally fade away as the metals grow 
colder; it ends abruptly and complete 
ly at a certain low temperature. 

This surprising trait of super-cold 
metals is called “superconductivity”; 
a current of electricity once started in 
a superconducting metal ring will en- 
counter no resistance and will literal- 
ly go on forever. If you start an elec- 
tric current flowing in a ring of tin 
or lead frozen in liquid helium, for 
example, the current will flow around 
and around the ring indefinitely with- 
out benefit of battery or dynamo. 
This is one of the best cases of per- 
petual motion in history. 


So far superconductivity has found 
no everyday use. However, in some 
metals it begins at higher tempera- 
tures than in others. This discovery 
has started an eager search to see if 
alloys can be found that have super- 
conductivity at ordinary temperatures. 
If they are, we may see a spectacular 
revolution in electricity. 
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Electronics may turn out to be the 
first real beneficiary of low-tempera- 
ture research. Radio, radar, TV and 
the host of complicated control sys 
tems for defense and industry all am- 
plify weak signals a million-fold to 
make them effective. The thing that 
limits amplification is always “noise” 
produced by heat — or molecular 
motion — in critical parts of the am- 
plifying units. Signals amplified too 
much become a meaningless roar. 
Molecular motion, due to heat, spoils 
the clarity of a TV picture, blotches 
up the radar screen, puts a severe 
limit to the accuracy of military fire 
control and guided missiles. 


Low-temperature research with 
liquid helium suggests the way 
around this: why not operate the 
critical parts of amplifying units in a 
bath of liquid helium, cooling them 
down to the region of Absolute Zero, 
where molecular noise is stilled? 
Early-warning radar, for instance, 
might thus be made to reach twice 
as far. 


A great drive is starting among 
chemical and labora 
tories to use low temperatures to 
solve some of the knottiest riddles in 
metals. At very low temperatures 
metals suddenly reveal details of their 
crystal structure beyond discovery be 
fore. Exact knowledge of the crystal 
structure explains why each metal 
behaves as it does and shows how it 
can be made better. 


metallurgical 


The building of more powerful jet 
and rocket engines, for instance, de 
pends almost entirely on finding al 
loys that will remain tough even at 
white heat. Already, scientists have 
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made small, expensive specimens of 
alloys that have strength hundreds of 
times greater than usual. The main 
drive now is to learn how to produce 
such titans of strength cheaply and 
abundantly, out of the common ma- 
terials of the everyday world. 

Practical as these things may be- 
come, say, in the next ten years, your 
scientific explorer of the “South Pole 
of temperature” is far more concern- 
ed with temperature itself. The latest 
thing he has devised is a complicated 
new machine called a “magnetic re- 
frigerator.” In it, a small quantity of 
a magnetizable iron salt is frozen 
down to the rock bottom attainable 
with liquid helium and then strongly 
magnetized through the glass walls 
that hold the experiment. A moment 
later, by another process, it is de- 
magnetized. The molecules of the 
material change from order to dis 
order and in so doing give up heat. 
The pinch of iron salt can only do 
this by getting a fraction of a degree 
colder. 

Ever since helium was first lique- 
hed scientists have worked to push 
temperatures down to as near Abso 
lute Zero as_ possible. And _ even 
though Absolute Zero, being one of 
nature’s absolutes, is impossible to 
attain, they have succeeded in push- 
ing it down to within a few thou 
sandths of a degree of no tempera 
ture at all. It is those last few thou- 
sandths of that last degree to Abso 
lute Zero that challenge them now 
and draw them on through more and 
more intricate experiments. And as 
more men pick up this challenge, 
more and more valuable facts are 
certain to be learned along the way. 
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Radiation Used to Nudge 
Chemical Reactions to Start 


New Way to Induce Changes 


> ATOMI 
nudge chemical reactions into hap- 
pening, much money and 
making possible better industrial pro 
duction, Dr. H. J. Ogorzaly, 
director, Esso Research and Engineer 
ing Company, told the Rutgers Uni 
versity nuclear science symposium. 


RADIATION can be used to 


saving 


assistant 


“The classic tools for chemical con- 
versions have been heat and 
and more recently c: ati lytic 
materials of types,” Dr. 
“Now we have 
found that radiation is an additional 


long 
pressure, 
various 
Ogorzaly explained. 


means of inducing chemical reactions 
to proceed. In some cases these radia- 
tion-induced reactions are of a novel 
type, in others they 
conventional reactions, but can be 
made to proceed at relatively mild 
conditions. Radiation energy is rela- 
tively expensive, so that the field 

greatest promise is for those reactions 
will continue of 
In other words, we 


are more or less 


which, once started, 
their own accord. 
would like to use radiation purely as 
an initiator, for reactions which need 


only to be nudged over the hill, so to 


speak. The energy consumption from 
radiating sources could then be quite 
low. 


An example of a reaction which 
can be very effectively initiated by 
radiation is the chlorination of ben- 
zene to produce an insecticide. 


Various types of polymerization, in 
which the molecules of liquid or gas- 
eous materials are joined together to 
form plastic or rubber-like substances, 
is another. Often such reactions can 
also be caused to proceed by the addi- 
tion of catalysts, but in many cases 
traces of catalyst are a real disadvant- 
age. For example, when plastics are 
used for electrical purposes, residual 
catalyst may seriously effect electrical 
conductivity; and in such medical ap- 
plications as the production by poly- 
merization procedures of synthetic 
blood plasma, it is extremely impor- 
tant to remove catalytic materials 
completely, because they would be 
harmful to the patient. For such ap- 
plications, radiation processing, has 
special advantages. 


On the Back Cover 


> I-LustRaTING some of the strange 
things that occur in the realm of the 
very cold, this photograph shows a 


small bar 


magnet floating over a 


superconducting lead dish immersed 
in liquid helium. National Bureau of 


Standards photograph. 
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World's First Large Scale 
Atomic Power Plant 


Britain's Calder Hall 


Extracts from an article by Leonard Bertin on Calder Hall, Britain’s first 
major atomic power plant, switched by Queen Elizabeth Il to the British 
electric grid system on Oct. 17. 


> Tuere ts A striking difference be- 
tween the outward appearance of the 
world’s first large-scale atomic power 
station at Calder Hall on the Cumber- 
land coast and that of the Windscale 
works with its own giant atomic re- 
actors that lies nearby. 


This difference in Britain’s atomic 
reactors is most obvious in the great 
chimneys, 415 feet high and with 
bulbous tops, that overshadow the 
earlier plant that has operated since 
1950 and are absent from the new 
plant. Those chimneys, unique in the 
world, have for years been the symbol 
of Britain’s atomic industry because 
of their unusual shape and size, but 
they were really a symbol of waste 
and were an inspiration to engineers 
to speed the day when heat from the 
nuclear chain reaction could be put 
to economic use. 


Waste Due to Urgency 

They are there because the air used 
to cool the Windscale reactors has to 
be blown uselessly through them into 
the sky above. This wasteful process 
had to be adopted because the press- 
ing need at the time of their con- 
struction was for speed. The reactors 
were built to manufacture plutonium 
for the military program and there 
was no time to devise means of mak- 
ing use of the enormous amount of 
heat that was produced as an inevita- 
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ble by-product, even if technology 
and the structural metals and other 
materials available at the time would 
have permitted it. 


There are no large chimneys sur- 
mounting the Calder works, only a 
pair of metal funnels, somewhat rem- 
iniscent of a Mississippi steam boat, 
that are used to ventilate the struc- 
ture. The heat from the atomic re- 
actors is used, instead, to generate 
steam to drive turbo-alternators and 
produce a net output of over 65 mega- 
watts of electricity, enough for a 
small city and many times more than 
that of any other atomic device yet 
operated anywhere else in the world. 


Simple in Principle 

The system used at Calder Hall, 
which will also be used, with im- 
provements, in the first stations being 
built for the British Electricity Au- 
thority, is in principle a simple one. 
The atomic reactors, the source of 
heat, of which there are two, take the 
form of hexagonal honeycomb lattices 
of graphite pierced with many verti- 
cal channels that contain the fuel rods 
of natural uranium. The reactor, in 
turn, is contained in a great stainless 
steel pressure vessel of novel design. 

To maintain the temperature of the 
fuel rods at a reasonable level and to 
provide the heat that is required for 
power generation, ordinary commer- 
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> THE worvp’s First large-scale atomic power station, Calder Hall, Cumber- 
land, England. The power station and reactors are seen photographed from 


the top of one of the filter towers of Windscale, nearby plutonium factory 


housing two atomic piles. 


cial carbon dioxide gas is pumped 
under pressure through the fuel rod 
channels and is passed out to four 
great heat exchangers or boilers, each 
80 feet high, outside the building. In 
these heat exchangers incoming water 
is first boiled and then superheated 
before being passed on to four turbo- 
alternator sets in the generator hall 
situated between the two reactor 
buildings. These sets, each of 23 
megawatts (23,000 kilowatts), differ 
little from those to be found in any 
modern coal-burning plant of the 
same size. 
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Like any normal power station, 
steam that has passed through the 
turbines is then condensed into water 
again and returned to the heat ex- 
changers to be boiled once more. It 
is to provide cold water for these con- 
densers that two large water-cooling 
towers have been built beside the 
station. 

Because of the need to go on cool- 
ing the reactors at all costs, even if 
something went wrong in the gene- 
rator house or the power distribution 
system, one feature that the Calder 
Hall station has to itself is a set of 
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dump condensers capable of absorb- 
ing all the steam that is produced by 
the heat exchangers both during an 
emergency and also during periods 
when the reactors are working up to 
full power or are being shut down 
for maintenance purposes or to 
change the fuel. 


Inherently Safe 

A great advantage about the design 
of the reactors themselves is that they, 
like their predecessors in the Wind- 
scale plant, are inherently safe as far 
as their nuclear characteristics are 
concerned. If for any reason all the 
normal methods of controlling the 
rate of the chain reaction within the 
piles failed, then the nuclear charac 
teristics of the reactors would be al- 
tered and they would automatically 
shut down. 

Experts believe that for this reason 
it would be quite impossible for a 
nuclear “runaway” to take place and 
blow up the piles or cause large-scale 
contamination of the surrounding 
areas with radioactive materials. The 
safety position is best summed up by 
the view of a committee of Lloyds 
Underwriters and the British Assur- 
ance Association which inspected 
Calder Hall at various stages of its 
construction. This committee recom- 
mended that this type of power sta- 
tion was the sort of risk that the in- 
surance market should be willing to 
underwrite to the full extent of their 
resources. 


Looking to the Future 

The commissioning of Calder Hall 
does not mean that similar stations 
will immediately become a reality in 
every country that is short of power, 
but the development of nuclear tech- 
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nology in the more advanced coun- 
tries will certainly have its reprecus- 
sions elsewhere. As their programs 
get under way there will be a redis- 
tribution of the conventional fuels 
and more will become available to 
countries that can make immediate 
use of them. 

Even in countries like Britain, 
where research and development in 
this difficult sphere has proceeded 
rapidly, however, the rate of expan- 
sion will still be slow compared with 
the rate at which use could be made 
of it. There are, nevertheless, signs 
already that the development of this 
new form of power will come about 
more quickly than experts would 
have predicted even a year ago. There 
are clear indications, for example, that 
Britain’s own 10-year program of nu- 
clear power development, published 
by the Government only in February 
last year, is already outdated by the 
progress that has been made there 
since that date. 

Within months of the publication 
of this program, which was at the 
time said by Sir Edwin Plowden, the 
United Kingdom Atomic Energy 
Authority’s chairman, to represent the 
maximum that could be achieved 
with the means available, the Autho- 
rity itself announced its intention to 
build three more “carbon copies” of 
of the Calder Hall station at once, in 
addition to the 12 power stations to 
be built by the Central Electricity 
Authority for the civil program. 


Two Types of Stations 

There is a sharp distinction between 
the stations of the Atomic Energy 
Authority as typified by the one at 
Calder Hall, and those of the civil 
program for, although the Calder- 
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type stations will provide substantial 


amounts ol electricity for domestic 
use, they are dual-purpose stations 
which also manufacture plutonium. 
This means, to start off with, that to 
obtain optimum yields of this mater 
ial the reactors have to be designed in 
a way that prevents them from gene 
rating quite as much electricity as 
they might otherwise do. 

The other factor was the speed 
with which the plutonium’ was 
needed. To have made use of all the 
lessons learned in the construction of 
Calder and from work elsewhere 
would have meant redesinging all the 
plant, with all the resultant delays in 
the program. The decision was there- 
fore taken to make the remaining 
three stations exactly the same. 


Gratifying Success 

The same factors do not govern the 
civil program, however, which will 
in any case be a progressive one, in 
which each successive stage of the 
building program will represent a 
substantial advance on the ones before 
it. The Stage One stations, of which 
there were going to be two, were 
very modest in conception, and at one 
time it was thought that they might 
not represent any great advance on 
the Calder Hail type of station. 


This view took no account of the 
speed with which the Authority 
would glean data from Calder and 
with which the engineers of the great 
British industrial firms who have en 
tered the atomic field would apply 
their traditional skills and flexibility 


in engineering to new problems. The 


Of more than 150,000 people 





Atomic Energy Authority, who had, 
of course, provided them with all 
possible help, have been gratified by 
the success that has been so quickly 
achieved. 

As a result, there seems to be no 
doubt that the first atomic stations to 
be built in the civil program, at Brad 
well in Essex, and at Berkeley, Glou- 
cestershire, will be twice as powerful 
and far more economic than those 
that had originally been contempla 


ted. 


Looking Ahead 

This progress has had some nota 
ble repercussions. The first of them 
is that the South of Scotland Electri 
city Board has now decided to build 
for itself a station that will be ap- 
proximately the same size as Calder 
Hall but generate three times the 
power — 250 to 300 megawatts, com- 
pared with Calder’s 90. The second 
is that informed opinion in Britain is 
anticipating a Governmental state- 
ment in the not too distant future 
which will raise the sights of the 
White Paper Program. 

While those built in the latter 
stages of this program will adopt 
many new engineering concepts, it is 
of interest to note that the type of 
power station that is used at Calder 
Hall and envisaged for the first civil 
stations, known as a graphite-modera- 
ted gas-cooled reactor, is the only type 
of system that offers already the pos- 
sibility of economic exploitation of 
atomic energy. British firms have the 
experience and “know-how” to go 
right ahead now and build them. 


employed in atomic energy plants 


throughout the U.S., at least 99.7% are now considered as standard risks 


for lite insurance. 
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Prepared Minds Needed 
To Make Great Discoveries 


Lucky Accidents in Science 


by Dr. Hupertr N. Atyea, Professor of Chemistry, Princeton University, in a 
paper presented at the American Association for the Advancement of Science, 
New York meeting. 


> Lucky accidents have made possi 
ble man-made plastics, man-made 
drugs, and man-made atoms. But 
each lucky accident which leads to a 
great discovery did so because the 
experimenter was trained. Chance 
favors only the prepared mind. 
Lucky accidents made __ possible 
plastics from cotton and wood, plas- 
tics from coal, and plastics from _pe- 
troleum. From cotton and wood 
came cellulose plastics: Hyatt’s cellu- 
loid, Nobel’s dynamite, lacquer in 
place of paint. An observant and in- 
telligent clerk in the automobile in- 
dustry, seeing a silversmith lacquer- 
ing a silver pitcher with cellulose ni- 
trate solution suddenly thought: 
“Why not lacquer an automobile?” 
From coal came the first Bakelite 
phenol-formaldehyde plastic. A care 
less janitor spilled a bucket of soapy 
water into a trough of plastic emul- 
sion and a new way to make plastic 
stick to copper wire was discovered 
because the test-laboratory immediate- 
ly detected the change in the plastic- 
coated wire. From petroleum came a 
host of newer plastics, members of 
the vinyl family, and the luckiest of 
them all was Teflon (polytetrafluor- 
oethylene is its high-sounding techni- 
cal name). The prepared mind of Dr. 
Roy Plunkett was ready to interpret 
why his empty tank was heavier at 
night than in the morning, and Tef- 
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lon was born, to become a multi-mil 
lion pound-per-year plastic which 
withstands high temperatures and 
corrosive liquids. In these stories luck 
and a prepared mind played a dual 
role. 


Man-made drugs began their lucky 
career just a century ago with Sir 
William Perkin’s accidental discovery 
of coal-tar aniline dyes. But the story 
of the lucky discovery of penecillin 
notatum by Alexander Fleming, its 
isolation, identification and industrial 
production tops them all. Again the 
prepared minds of several scientists 
made possible the life-saving drug. 

The story of atomic energy, wea- 
pon for peace or for annihilation 
starts with Becquerel’s lucky observa 
tion half a century ago that a piece 
of uranium rock could photograph 
itself. Out of that chance discovery 
came our understanding of atomic 
structure, of the ways to smash atoms, 
of how to unleash atomic energy in 
bombs, or to harness it in atomic 
power reactors, or to use it in making 
radioactive elements for peace-time 
research. 

In all of these cases, chance came 
to the trained mind. And how should 
we prepare ourselves for great dis 
coveries? 


First, by becoming experts. Not 


only by taking laboratory sciences. 


CHEMISTRY 
























By taking more mathematics, so we 
learn to think more clearly. By tak- 
ing some English so we learn to ex- 
press ourselves more clearly, to com 
better fellow- 
scientists. The young scientist who 
hates to read A Tale of Two Cities 
(and I hardly blame him) will do 
well to set himself the task of reading 


municate with our 


at least one good science classic each 
month: H. G. Wells, The Invisible 
Van, A War of the Worlds; A. Con- 
an Doyle, The Poison Belt, The Ad- 
ventures of Sherlock Holmes. 


Secondly, by being human. Spend 
ing time outside of the classroom 
away from books, learning how to 
get along with people, mixing in ex 
tra-curricular activities in school, tak 
ing part in dramatics, in sports, in 
activity clubs. 

Finally by preparing ourselves to 


be leaders. Unskilled labor is no 





more; and more skilled laborers need 
more skilled leaders. How do you 
train to be a skilled leader? Work 
hard: you will be luckiest when you 
work hardest. But also work intelli- 
gently: keep your nose to the grind 
stone, but turn your head this way 
and that so as to sharpen your nose, 
not grind it off. Have imagination: 
we all guess in science, and we give 
Nobel Prizes to the best guessers. Do 
not be afraid to venture intelligent 
guesses, for skilled leaders are men 
who guess wisely. Finally develop 
self - confidence, a_ self - confidence 
which grows stronger as you become 
more expert, more confident in your 
ability to guess wisely. 


The plumber who charged $25 for 
tapping on a pipe, $1 for tapping, 
and $24 for knowing where to tap, 
typifies where the young scientist is 
headed. Learn where to tap wisely. 


Atomic Weapon To Stop Hepatitis 


> A POWERFUL atomic medical weap 
on, cobalt-60, may be the means of 
checking serum hepatitis, the serious 
and sometimes fatal liver infection 
best known to laymen as jaundice 
because a yellow skin is one symp 
tom. 

The idea of turning the gamma 
rays of cobalt-60 to killing the virus 
that causes hepatitis was suggested by 
Dr. Russell T. Jordan of the City of 
Hope Medical Research Institute, 
Duarte, Calif., at the International 
Symposium on Viral Hepatitis, De 
troit. 

The virus of serum hepatitis is 
carried in the blood stream. Blood 
and plasma from a person who has 
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had the disease can give it to another, 
even though the donor has long since 
recovered. 


Anti-hemophilia and perhaps other 
fractions of blood plasma may trans- 
mit the disease. Bone and tissue trans- 
plants may possibly do the same. 


The radiation from cobalt-60 killed 
St. Louis encephalitis virus in blood 
plasma. This virus is about the same 
size as the virus of serum hepatitis, 
which leads Dr. Jordan to think the 
hepatitis virus might also be destroy- 
ed by the same radiation. Even twice 
the amount of radiation needed did 
not make the plasma harmful to hu- 
mans from two to 60 years of age. 
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New Kinds And Uses 
For Chemicals From Molds 


> VaNcomycIN is a new antibiotic 
that is predominantly germ-killing 
and which already is credited with 
saving lives. 

It is relatively low in_ toxicity, 
meaning it is unlikely to cause bad 
reactions, and germs do not readily 
become resistant to it. 

This new weapon in the medical 
hight against infections was produced 
at the Lilly Research Laboratories, 
Indianapolis. 


Antibiotics Team Up 

> A NEW ANTIBIOTIC team that is 
stopping disease germs which resist 
a single antibiotic was announced 
at the Fourth Annual Symposium on 
Antibiotics. 


This germ resistance to antibiotics, 
particularly by such dangerous germs 
as staphylococci and streptococci, has 
been causing increasing worry to doc 
tors who find their once powerful 
weapons against infections losing 
their edge. 

The antibiotic team announced 
combines tetracycline and oleandomy- 
cin. The latter antiobiotic gets its 
name because it contains the sugary 
chemical of the oleander bush. The 
team is called Sigmamycin by its 
producers, Chas. Pfizer and Co., 
Brooklyn, N. Y. 

Here are results given for it: 

Effective in 96°., of 50 patients suf 
fering with the bone disease, osteo 
myelitis, acute gall bladder infection, 
skin ulcers and infections of the urin- 
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New Antibiotics 


ary tract, Drs. Sigmund S. Winton 
and E. Cheserow of Northwestern 
University Medical School and Oak 
Forest Sanitarium, Chicago, reported. 


Only one of 189 patients treated at 
the Florida Farm Colony, Gaines 
ville, Fla., failed to be helped by the 
new team, Dr. C. Carter reported. 

Highly effective in 187 patients 
suffering from infected cuts, car- 
buncles and human and animal bites, 
and curative in two venereal diseases, 
lymphogranuloma venereum and 
acute gonorrheal urethritis, in the ex 
perience of Drs. Rupert A. LaCaille 
and Aaron Prigot, Harlem Hospital, 


New York. 


Worked well in such tropical dis 
eases as yaws and amebiasis and prob 
ably will be better for such diseases 
than previous medicines, reported 
Drs. Elmer H. Loughlin and William 
G. Mullin, New York Medical Col 
lege, Flower and Fifth Avenue Hos 
pitals, New York. 


Whale Steak For Dinner 
> Some pay in the not too distant 
future you may be eating whale steak 
for dinner, thanks to antibiotics 
known best as so-called mold reme 
dies for many dangerous diseases. 
The antibiotics will keep the whale 
meat fresh from the time of catch 
through processing. The whale, being 
a large, warm-blooded mammal, 
chills slowly, so that much potentially 
edible meat now is lost before pro 
cessing can be completed. 
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The antibiotic, chlortetracycline, or 
Aureomycin, is now being tested as 
a preservative of whale meat. The 
antibiotic dissolved in sea water is 
injected into the whale. Samples of 
liver and muscle were put into polye 
thylene bags and frozen. After two 
months, samples showed only very 
low concentrations of the antibiotic. 

The tests are reported by J. W. 
Boyd, B. A. Southcott and H. L. A. 
Tarr of the Fisheries Research Board 
of Canada at Vancouver. 





While antibiotic-preserved whale 
steaks are for the future, poultry, beef 
and fish and seafood can now be pre- 
served with antibiotics. 

One method for doing this, called 
the Acronize process, uses Aureomy- 
cin. The American Cyanamid Com- 
pany holds the patent on this process. 

A new antibiotic for this purpose, 
Biostat, which contains oxytetracy- 
cline, was announced to the sympos- 
ium by C. L. Wrenshall of Chas. 
Pfizer and Co. 


All-Purpose Survival Ration 


> Ie an Arr Force crew in the future 
is forced down on water or desert, on 
arctic wastes of dense tropical jungle, 
their survival rations will probably 
have the same proportions of food 
elements as the normal American 
diet. 


The new all-purpose survival ration 
for the Air Force will probably be 


made up of 52°. starches and sugars, 


33°, fats and 15°. proteins in addi- 
tion to water. A minimum of three 
quarts of water for 90-degree or hot- 
ter temperature is required. 

These are the ration proportions 
expected on the basis of tests at the 
University of Illinois Health Service 
Research Unit. 

The tests were made with college 
students and with airmen. 


Synthesize Porson Ivy Chemicals 


> Two scientists in the Columbia 
University che mistry department 
have managed to synthesize, or “cre- 
ate” from chemicals, a number of the 
poisons that cause a person’s skin to 
break out in a rash when touched to 
poison ivy and several other plants. 
Drs. Bernard Loev and Charles R. 
Dawson believe their synthetic der 
matitis-producing materials will aid 
researchers in combating poison ivy 
by enabling the doctors to better un 


derstand how the poisons work. 
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The Columbia scientists have syn- 
thesized nine pentadecyl monohydric 
phenols and_ pentadecyl dihydric 
phenols which are among the derma- 
titis-producing materials, or “poi- 
sons,’ present in poison ivy, the Jap 
anese lac tree and the cashew nut 
tree, as well as in several other plants 
that cause a poison ivy-like rash. It 
is expected that certain components 
in the synthetic poisons can be 
“tagged” and controlled to allow re- 
searchers to follow their reactions 
with animal tissue. 








































Radioactivity Will Trace Carbon 
Path Through Balanced Economy 


The Isotope Farm 


by Dr. Witviarp F. Lipsy 


Commissioner, United States Atomic Energy Commission 


> Isotopes have already proven to be 
of great benefit to mankind, and by 
them alone, it is clear enough that 
we will be repaid for all the effort 
and expenditures made to date on our 
gigantic atomic energy project. Even 
if atomic power and the other Peace- 
ful Uses were never to materialize 
and even if there were no use in arm- 
ament, we could still calculate our 
benefits from isotopes to be of fair 
return on the dollar investment made. 


For most of the elements, we have 
tracer isotopes of useful characteris- 
tics produced by atomic reactors or 
accelerators. The simplest, the ele- 
ment Hydrogen has its tracer, Tri- 
tium — half-life 12.25 years — and 
sold at $2 per curie (or fraction there- 
of); Carbon-14 — 5600 years half- 
life — sold at $36 per millicurie; 
Sulfur-35 — 87-day half-life — $2 
per millicurie; and Sodium-24 — 15- 
hour half-life — $2 per millicurie, 
are typical tracers available for the 
other light elements. All of the ele- 
ments, Boron, Helium, Nitrogen, 
Oxygen, Fluorine, and Neon are 
without useful long-lived radioactive 
tracers, but even some of these have 
either short-lived isotopes, as in the 
case of Fluorine-18, or stable isotopes 
which can be used in their stead. For 
example, both Nitrogen and Oxygen 
have relatively rare heavier isotopes 
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which can be concentrated and used 
as tracers. Thus, we see that matter 
is markable in its most intimate as- 
pects with readily identifiable tracers 
of useful characteristics. This, the 
atom gives us in a practical way. 


The principle of isotopic tracing is 
many years old, but it came into full 
flower after the World War II de 
velopment of the atomic bomb with 
the concommitant production of 
enormous quantities of the isotopes 
derivable by neutron absorption. The 
fission reaction, in producing large 
quantities of neutrons, made the neu 
tron producible isotope available in 
rich abundance. And, even the other 
isotopes requiring accelerators were 
also brought into flower by the si 
multaneous development of the ac 
celerator science and the construction 
of considerable numbers of expensive 
and useful machines. Recently we 
read of the developments of newer 
methods of separating the isotopes 
of Nitrogen, which promises to make 
the Nitrogen tracer cheap and readily 
available. Efforts of Dr. Dostrovsky 
of Israel, and Dr. London at Har- 
well, may result in a similar develop 
ment for Oxygen. Since the days of 
Professor Urey’s primary work on 
the separation of the heavy isotope 
of Hydrogen (Deuterium), Carbon- 
13, and Nitrogen-15, little real pro- 
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> Mopern processine facilities such as the radioisotope bottling unit shown 
above have replaced the relatively crude equipment used 10 years ago when 
Oak Ridge National Laboratory made its first radioisotope shipment. Over 
1100 radioisotope shipments are now made each month to 2700 users in 
industry, medicine and agriculture throughout the United States and 57 
foreign countries. Union Carbide Nuclear Company, a division of Union 
Carbide and Carbon Corporation, operates Oak Ridge National Laboratory 


for the Atomic Energy Commission. 


gress has been made in the produc 
tion of the Nitrogen tracers until 
these developments. 

what just two tracers 
would do to the world if we had no 
others. Let us take the two most val 
uable for illustration, namely, those 
of Carbon and Hydrogen. All of or- 
ganic matter consists of compounds 
of these two elements — our bodies 
contain them. The infinite intricacy 
of the molecules constituting living 


Consider 
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material is possible through the sta- 
bility of the chemical bonds of Car- 
bon, Nitrogen, Oxygen and Hydro- 
gen, and a few other elements. Ap- 
parently, the whole possibility of life 
resides in the properties of these 
atoms. Now, with radioactive Carbon 
and radioactive Hydrogen, it is possi- 
ble to proceed to investigate and to 
understand the enormously compli- 
cated processes of the human body 
in a way never before possible. It is 





























not to be inferred that these tools, 
powerful as they are, will suffice in 
the near future for complete solution 
of the riddle of life, but already they 
have shown themselves to be most 
valuable adjuncts to all that the or- 
ganic chemist could give the bio- 
chemist of his classic arts and science. 
With these tracers, a host of 
tests of possible interrelations in liv 
ing systems immediately 
possible, and the insight gained gives 


two 
becomes 


us a better and firmer understanding 
of the fundamental nature of the bio 
chemical and physiological processes 
involved. But in addition to the 
fundamental understanding which is 
gained, other uses are possible and 
are being developed. 


Some years ago, at the Argonne 
National Laboratory of the Atomic 
Energy Commission, an Isotope Farm 
was started. The purpose of this 
Farm was to utilize some of the tech 
niques of culturing radioactive plants 
and animals which had been devel 
oped in the research laboratories to 
produce labeled organic chemicals in 
good quantity. This Farm, now about 
five years old, has flourished under 
the able direction of Dr. Norbert 
Scully, a botanist. It 
group of sealed growth chambers, 
each about the size of a small room 
in which the seedlings of a wide va 
riety of plants are placed and grown 
to maturity in 
taining dioxide. 
Thus the organic matter constituting 
the plants contains radiocarbon at 
rather high concentration. 

The 


clude 


consists of a 


an atmosphere con- 


radioactive carbon 


crops harvested to date in 
alfalfa, sugar beets, tobacco, 
digitalis, and many others. A barnful 


of these radioactive plant materials 
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has been accumulated. This precious 
hoard can be taken as a source of 
natural products. All that is neces- 
sary is that the radioactive raw ma- 
terials be processed in the normal 
way to produce radioactive drugs, 
and biochemicals. The products so 
obtained can be diluted with normal 
inactive materials so their present 
highly radioactive condition will be 
reduced to a safe level. Any products 
of plants which are found useful in 
industrial and medical work can be 
obtained in this way. 


The Farm has not progressed yet 
to the point of feeding the radioac- 
tive fodder to animals on any appre 
ciable scale. It is hoped, however, 
that a balanced isotope “economy” 
can be developed in which the radio 
carbon atoms will circulate from the 
plants into the animals and back into 
the plants. In this way, all of the 
chemicals obtained either solely or 
most easily as natural products can in 
principle be made available in radio 
active form. We see, therefore, that 
organic matter can be made radio 
active by practical methods. It is 
clear, of course, that whereas the Iso 
tope Farm has not as yet done so, 
another isotope, radiohydrogen (tri 
tium) can be incorporated together 
with the radiocarbon and a line of 
doubly labeled radioactive natural 
products be produced. In this way 
another beacon light is turned on the 


mechanism of metabolic and_ bio 


Of course, one might worry about 
the possible deleterious effects of the 
radiations, if, for example, one’s doc- 
tor were to use radioactivity as a 
normal method of diagnosis. On this 
point it is necessary to recall the fact 
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that people normally are quite radio- 
active that the amounts | am 
talking about now are well below 
safe tolerance limits. The world and 
all its materials had a_ radioactive 
birth and in the beginning there was 
a level of radiation which probably 


and 


would have prevented the develop 
ment of life on earth. As time passed 
the radioactivities largely disappear- 
ed. But there still is 
residue of the primeval radioactivity. 
The element potassium has an inten 
radioactivity comparable to 
normally that 
would be required for the diagnostic 
uses envisaged. Potassium is an im 
portant constituent ol 


a considerable 


sity ol 


and exceeding any 


everyone’s 
body, and is also one of the abundant 


elements in the earth’s crust. Even 
the elements most common in the 
body, carbon and hydrogen, are 


themselves mildly radioactive as we 
have previously. There 
a man has radioactivity in his 
body as a part of his everyday life 


mentioned 
tore, 


and the human body tolerance for 
radioactivity: is considerable. Thus 
we can consider whether we can 


benefit by the purposeful utilization 
of radioactivity for normal everyday 
diagnostic medical practice. 


Though not a doctor, I suggest as 
a possible illustration of the use in 
mind that a doctor testing for abnor 
malities in the metabolic 
would feed the patient a lump of 


processes 


and 
radiohydrogen (tritium ) 
after which he would have the pa 
tient inflate a 
loons at 


sugar radiocarbon 


possibly 


containing 


rubber bal 
sample the 
breath, and blood and urine samples 
would be taken. The laboratory 
would report from the measurements 


series of 
intervals to 
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of the samples the metabolic rate, 
both with respect to carbon dioxide 
and water formation. 


Of course, the therapeutic use of 
isotopes is now widespread in the 
medical profession. We think of the 
use of radioiodine in the treatment of 
cancer of the thyroid, and the use of 
radiophosphorus as treatment of cer 
tain blood diseases, and the extreme- 
ly widespread and very, very impor- 
tant application of isotopes to medical 
research. There are, however, at the 
present time, relatively few applica 
tions of isotopes which the general 
practitioner makes. It seems to be 
possible that the day will come when 
they will be used by the general prac 
titioner in his diagnosis and in his 
therapy as well. This could be one 
of the ways in which mankind could 
benefit most from atomic energy. 


In the chemical industry the pro- 
cessing of organic materials has an 
enormous economic importance; for 
example, the oil business is concerned 
very largely, if not exclusively, with 
the chemistry of organic compounds. 
It is clear that all the crude oil pro 
cessed in the world \ 
labeled at a safe economical level 
with radiohydrogen. Radiohydrogen 
(tritium) is the cheapest of the im 
portant tracer isotopes. It has the 
least harmful radiation. We cannot, 
of course, this evening, consider in 
any detail the specific ways in which 
radioactive hydrocarbons would be 
useful in the petroleum industry but 
I think it is not difficult to imagine 
that they could be most useful in the 
control of the vast quantities of raw 
materials and products characteriz 


today could be 


ing the operations of refineries and 
oil pipelines. It certainly is clear that 
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other industries have much to gain in 
considering analogous uses in their 
own processing. The point we make 
is that one should consider the utili 
zation of radioactivity in the product 
itself, keeping it at a very low and 
safe level. 

The techniques of measurements at 
the very low levels of radioactivity 
involved in these suggested applica 
tions are well known and need only 
industrial development. It is to be 
hoped that the companies now servic 
ing the atomic energy enterprises will 
manufacture and furnish more of 
such instruments and_ consultative 
services. If radioisotopes can be uti 
lized with complete safety in process 
control techniques in which the ma 
terial or product itself is made mild 
ly radioactive, the present estimated 
savings of perhaps $200 million per 
year could be 


fold. 


And so it is that the whole range 


increased by several 


of applications of isotopes to funda- 
mental understanding in everyday 
living has just begun to unfold be 
fore us, but has already shown itself 
to be so beneficial that we cannot 
imagine it ever failing to continue to 
increase in its bounty so long as we 
pursue it assiduously and understand 
ingly. With all our talk of atomic 
power, we must not forget that the 
isotopes are here and now our prin 
cipal benefit to date. 

The radioisotope, like the Fuller 
brush man, has found its way into 
almost every nook and cranny of our 
scientific community. Today there is 
hardly a large university or state col 
lege that does not have a radioiso 
topes laboratory and a radioisotopes 
program. To be sure, some of these 
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laboratories may involve only one 
man and perhaps his assistant. Others 
are complex “team” affairs in which 
a dozen or more individuals may par- 
ticipate in tens of projects. The out- 
put of good grade research is aston- 
ishingly high and in the realm of 
agriculture covers such fundamental 
areas as cell physiology, plant growth 
ind photosynthesis. 

In 1950, the U. 
\griculture 


S. Department of 
initiated a cooperative 
research program for studying the 
fertilizer 
Forty 


needs of various plants. 
state agricultural experiment 
stations and others are working with 
radioisotopes at this time and more 
than 150 under 


way. The work is important because 


investigations are 


fertilizer 
costing $1 billion are consumed an 
nually in the United States. 


some 23 million tons of 


The use of radioisotopes as tracers 
in studies of the efficiency of the use 
of fertilizers indicates that improved 
methods of application, timing and 
placement of the fertilizer can signi 
ficantly reduce the fertilizer require 
ments for specific crops and_ soils. 
Two of the crops most intensively 
studied have been corn and tobacco, 
whose combined cash value is ap 
proximately $6 billion per year. 

The experiments on corn and to 
bacco indicate that an increase in fer 
tilizer efhiciency of 1 percent can be 
realized. This would mean annual 
savings of $10 million and there is 
reason to expect that this figure may 
be conservative. 

Insecticides and fungicides are a 
vital part of today’s agricultural pro- 
gram, and the Nation’s bill for these 
materials is approximately $80 mil- 
lion per year. The loss from plant 
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all kinds is estimated to 
be about $3 billion per year. 


diseases ol 


The development of an insecticide 
or a fungicide is an extremely time 
consuming proposition. The success 
ful compound must not only control 
the malady, it must be compatible 
with other compounds which may 
been added as fertilizer consti 
tuents and it must not, either alone 


have 


or in combination, produce injury to 
the treated plants. Furthermore, the 
new compound must not be so toxic 
that its widespread use would present 
a hazard either to the user or to the 
consumer, and finally, the price must 
| that it with 


be such can 
other compounds currently in use. 


compete 
To develop an insecticide or a fungi 
carload lot” 
require an investment of be 
tween $250,000 and $1 million. There 
are so many blind alleys in this type 


cide from an “idea” to a “ 
may 


of development work that it is esti 
mated that 999 out of every thousand 
compounds tested do not result in a 
satisfactory agent. 


Radioisotopes undoubtedly can ac 
celerate the new 
agents by assisting in elucidating the 
metabolism of the insect or the fun 
gus, and from this knowledge ascer 


development of 


taining with considerably greater pre 
cision the point of attack in the life 
cycle most suitable for the control of 
the plant disease or pest. Radioiso 
topes are particularly helpful in in 
vestigating organic compounds used 
because in many such 
cases only a portion of the molecule 
blocks the life cycle, whereas the re 


as agents, 


mainder of the molecule is necessary 
to permit entry into the circulatory 
or metabolic system of the insect or 
fungus. 
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The quantity of insecticides and 
fungicides used is astounding. For 
example, in 
South great care must be 
taken to control a disease known as 
Sigatoka. So extensive is the attack 
of this fungus in causing disease that 
banana plantations must be sprayed 


growing bananas in 


America 


fifteen to seventeen times per year. 
Approximately 45 million pounds of 
copper sulfate are required each year 
to protect the 130,000 acres of ba- 
nanas growing in tropical America. 
The value of the copper sulfate used 
per year is approximately $5 million 
for this one crop. 


As another example, there are 
more than 50 fungus diseases that 
attack sweet potatoes, and an esti 
mated twenty to forty percent of the 
crop is lost in the field, in storage, 
and in transit to market. The loss is 
$24 to $48 million 
per year. If radioisotope investigations 


estimated from 
were to assist in saving as little as 
one percent of this crop, there would 
be added to the national food supply 
some 600,000 bushels of sweet pota- 
toes per year worth about $1 million. 


A great deal more research is need- 
ed in this field, but estimates have 
been made by the University of Min- 
nesota that if better insecticides and 
fungicides can be obtained and 
very likely radioisotopes would be 
one of the techniques used to obtain 
them the yields of many crops 
could be increased by 25 to 30 per 
cent and in some cases more. On the 
basis of a total value of $20 billion 
for agricultural crops, the maximum 
potential the form of 
greater production is estimated to be 
$4 to $5 billion per year. 


savings in 


One must immediately qualify this 
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estimate of potential savings by point- 
ing out the general unlikelihood that 
the “best” insecticide or fungicide 
will displace all other agents now in 
use, and further stressing that these 
“savings” might be on an intermit- 
tent basis. One must bear in mind 
that while man is trying to increase 
the resistance of plants to disease, 
nature is constantly evolving new and 
virulent strains of these plant disease 
organisms. Control of plant diseases 
is therefore a 
battle. 


never-ending, see-saw 


However, if radioisotopes can be 
used to shorten the time-scale, in re- 
search investigations by as much as 
one year in five for producing a still 
better chemical agent, and on a time- 
average basis contribute one percent 
to reducing food losses, one might 
visualize potential savings of the or- 
der of one percent of $4 billion, or 
$40 million per year. 


The fact that we have surpluses of 
foods in this country does not miti- 
gate against continued development 
of better insecticides and fungicides. 
On the contrary, they would permit 
the same quantity of foodstuff to be 
raised with less effort on the part of 
the farmer. There is no point in the 
farmer spending his time growing 
crops only to see them spoiled and 
attacked by disease. More important, 
however, is the fact that plant dis- 
eases are no respectors of interna- 
tional boundaries, and that the “have- 
not” countries are thus doubly pen- 
alized — first, because of a general 
shortage of fertilizer, and second, be- 


cause of lack of means to combat 
plant diseases. Their populations, 
therefore, must survive on what re- 


mains after plant diseases have fin- 
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ished their work on a meager crop. 

Of the many types of insects that 
infest animals and cause considerable 
economic damage, let me select one 
case to illustrate the economic poten- 
tial of radioisotopes in agriculture. 
The screw-worm fly is estimated to 
cause a loss of approximately $20 
million annually to the livestock in- 
dustry in the Southeastern United 
States. Entomologists have studied 
the life-cycle of the male and female 
screw-worm flies and have learned 
among other things that the female 
fly mates but once in her entire life- 
span, and — equally important — 
that this proclivity is not character- 
istic of the male fly. 


The idea was conceived by scien- 
tists in the Department of Agricul- 
ture and others of irradiating the 
male fly with gamma rays from Co- 
balt-60 sufficient to cause sterility. 
When these males were allowed to 
breed with the female flies, it was 
found that no offspring were pro- 
duced. 


As a result of successful laboratory 
tests, large numbers of the male flies 
have been irradiated with Cobalt-60 
and then distributed by airplane to 
areas of high infestation. By this 
means, entomologists have  success- 
fully eradicated screw-worm flies 
from a limited area in one of the 
Caribbean Islands. The cost of the 
laboratory work that went into pro- 
ducing the first sizeable batch of 
sterile flies was less than $100,000. 
It is possible that in a reasonably 
short time one may be able essen- 
tially to eradicate the screw-worm fly 
from the Southeastern United States 
and to anticipate savings from $15 
to $20 million per year. 
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Next Few Years 
Era Of Tranquilizers 


Advances in Relaxing Drugs 


> In rue next 10 years relaxing, or 
tranquilizing, drugs will change the 
mental disease picture as much as 
the antibiotics, or so-called mold rem 
edies, have changed the germ disease 
picture in the past 15 years. 

This prediction is by Dr. Felix 
Marti-Ibanez, medical editor and pro 
fessor of history of medicine at New 
York Medical College, Flower and 
Fifth Avenue Hospitals, New York. 


No Driving Hazard 

> Ar ceast one of the relaxing or 
tranquilizing drugs can be safely 
taken by persons driving a motor ve- 
hicle or doing other things requiring 
accuracy, judgment, steadiness and 
quick eyesight. 

Drinking drivers, however, will be 
just as dangerous whether taking the 
drug or not. 

Tests showing this are reported by 
Drs. Donald G. Marquis, Ralph W. 
Gerard, E. Lowell Kelly, James G. 
Miller and Anatol Rapoport of the 
University of Michigan, Ann Arbor. 

The tranquilizer they tested is 
meprobamate, sold under the trade 
Equanil and Miltown. Al- 
though only on the market since 
April, 1955, some eight million doses 
are being prescribed every month. 
One out of every 20 Americans, it is 
estimated, got the drug within the 
last 30 days. 


names 


Yet the Michigan study is, so far 
as known, the only one made of any 
tranquilizer on the effects on normal 
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persons with relation to the activities 
of everyday life. 

Meprobamate actually is a muscle 
relaxing drug. How much effect it 
has in tranquilizing, or relieving 
anxiety, is open to question in the 
opinion of the Michigan researchers. 

They compared the effects of this 
drug, an identical looking capsule of 
a dummy, or placebo, material, two 
ounces of whisky, and the drug plus 
two ounces of whisky. The 50 normal 
persons tested did not know whether 
they were getting the drug or the 
dummy capsule. One day they got 
one, one day another, one day whisky 
alone and another day whisky plus 
meprobamate. 


After the normal 
were tested on a driver trainer, with 
an instrument to test visual acuity, 
depth perception and visual balance, 
and for motor steadiness as shown by 
how they could hold a metal stylus 
in a series of holes of decreasing size 
without touching the sides of the 
holes with the stylus. 


each, persons 


No significant difference was found 
in skills or performance between 
tests with meprobamate and _ tests 
with the dummy capsule. The whisky 
definitely made driving performance 
worse, but alcohol with meprobamate 
had the same effect as alcohol alone. 


Help For Hangovers 

> SUCH HANGOVER symptoms as sleep 
lessness, the shakes, anxiety and de- 
pression are lessened and the time for 
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recovery from intoxication is short- 
ened by treatment with one of the 
relaxing drugs, meprobamate, Dr. 
Leon A. Greenberg of Yale Univer- 
sity has reported. 

The drug is sold under the trade 
names Equanil and Miltown. 

Trials on 167 alcoholics showed it 
“clearly an effective drug” for the less 
severely disturbed who did not need 
to be put in a hospital. For the acute 
patients that had to be sent to a hos- 





pital, the drug was useful as an ad- 
dition to other treatment. 

For patients who are worried, anx- 
ious and tense after an operation, the 
drug is effective in helping the pa- 
tients relax, get a good night’s sleep 
and be willing to get out of bed soon 
after the operation, Dr. Timothy A. 
Lamphier of Boston reported. 

It was effective as replacement for 
barbiturates in patients who had been 
addicted to these for a night's sleep. 


Synthetic Rubber as From Plant 


> Ar cast man has synthesized natu 
ral rubber. This achievement is no 
commercial rival in actual rubber 
production to the rubber tree or the 
various synthetic rubbers that 
made industrially from coal and pe 


are 


troleum. 
The first rubber synthesis is the 
achievement in Puerto Rico of Dr. 


H. J. Teas, then of the U. S. Depart 
ment of Agriculture’s Agricultural 
Research Service, now at the Univer 





oil for butter 
and other animal fats might be the 
way to keep cholesterol from accumu 
lating in excessive amounts in the 
blood. Excess of this fatty chemical is 


> SUBSTITUTING corn 


believed involved in artery damage 
leading to heart disease. 

The corn oil instead of animal fats 
idea comes from experiments reported 
to the Royal College of Physicians 
and Surgeons of Canada. 

The experiments, in which over 
100 medical students ate a basic diet 
with variations in the fats, were re- 
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Corn Oil Cuts Down Cholesterol 


sity of Florida, and Dr. R. S. Band 
urski of Michigan State University. 
Only 


rubber 


amounts of actual 


The 


started with cell-free enzymes from 


minute 


were made. scientists 
the rubber plant and by adding vine 
gar-like acetic acid compounded real 
rubber. Radioisotope carbon 14 was 
used to follow the steps in the rubber 
Catalysts used to 


synthesis. were 


bring about the enzyme-acid reaction. 








ported by Drs. J.M.R. 
Walter Ford Connell 
Mayer of Kingston, Ont. 


Beveridge, 


cs A 


and 


When corn oil furnished from one 
fifth to six-tenths of the calories in the 
diet, cholesterol in the blood serum 
was reduced ° 

When the diets were high in but- 
ter, beef dripping, chicken fat or lard, 
cholesterol in the blood increased. 

Even after cholesterol had been 
decreased in the blood by a diet with 
out any fat, adding corn oil further 
decreased the level of cholesterol. 
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Earth Two And A Half Billion 
Years Younger Than Milky Way 


Uranium Dates Solar System 


> Tue EARTH and other solar system 
and a half. billion 
years younger than the Milky Way 
galaxy, the giant pinwheel of stars in 
which they are found. 


obj cts are two 


true if the elements of 
which the earth is composed were 


built up gradually, not 


This is 


formed in a 
tremendous primeval explosion, four 
scientists report. 

date the formation of the 
solar system as about five billion years 
ago, compared to seven and a half 
billion years for the Milky Way. The 
Milky based on the 
presently-found two 


uran 


They 


Way's age is 
proportions ol 
uranium, the 
ium-235 and the relatively 
22 °T ; ; : 
uranium-238. These two were formed 


isotopes of rare 


common 


in approximately equal proportions at 
the time of the origin of the galaxy, 
they calculate, although now found 
in the proportion of one to 140. 


When separated from the abun 
dant isotope, uranium-235 is easily 
hissioned by slow neutrons and is, 


desirable fuel both for 

atomic bombs and nuclear reactors. 
Recent 

physicists state, 


therefore, a 


evidence, the four astro- 
indicates “the ele- 
ments have been and are 
synthesized by stars.” Thermal cook- 
ing in hot interiors can ac 
count for the build-up of all presently 
known elements as 
heavier than uranium. 
The four describing the origin of 
the elements are Dr. Hoyle of St. 
John’s College, Cambridge Universi- 


still being 
stellar 


well as some 


JANUARY, 1957 


ty, England, a visiting astronomy pro- 
fessor at Mount Wilson and Palomar 
Observatories in California; Dr. Wil- 
liam Fowler, physics professor at 
California Institute of Technology’s 
Kellogg Radiation Laboratory; Dr. 
G. R. Burbidge of Mount W ilson and 
Palomar Observatories 
Dr. E. M. 
laboratory. 


and his wife, 


Kellogg 


Burbidge of the 


Three separate processes are used 
in the build-up of heavy elements in 
stars, they conclude. One is the cap 
ture of neutrons in a fast process on 
a time scale of 10 to 100 seconds, an- 
other the slow process associated with 
giant stars that evolve in about 100,- 
000 The third is the 
proton-capture process. 


The described by the 
scientists supplement the stellar re- 
actions of ordinary thermal cooking, 
the conversion of pure hydrogen into 
helium in the so-called ‘ 


years. “rare” 


proc esses 


‘carbon stove’ 


reaction described by Dr. Hans 
Bethe. 
The new effects arise when the 


= is not of pure hydrogen but 

hydrogen mixed with sm: all pro- 
pe of the heavier and most 
abundant elements, those up to and 
including iron. 


Stars being born condense from 
material lost into space by older stars. 
This can account for the observed 
in the abundances of ele- 
between young and ancient 


differences 
ments 
stars. 
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Organics Permit Cheaper and 
Simpler Installations 


Chemicals Cool and Moderate Reactors 


> Low-cost electric power from 
atomic energy seems closer to reality 
because organic chemicals may be the 
means to low-pressure cooling and 
moderating systems in nuclear reac 
tors, permitting simpler and cheaper 
installations. 


Malcolm McEwen of Monsanto 
Chemical Company, Dayton, Ohio, 
told a meeting of the American Insti- 
tute of Chemical Engineers that pre- 
liminary engineering studies fully 
justify the construction of experi 
mental organic-cooled reactors. 


The first such reactor is now being 
built for the Atomic Energy Commis- 
sion by Atomics International, a divi- 
sion of North American Aviation, 
Inc., at the National Reactor Testing 
Station, Arco, Idaho, for completion 
early in 1957 


Two of the major problems in nu 
clear reactor design are the removal 
of the tremendous heat which builds 
up in its core and the need to “mod 
erate” or slow down high-speed neu 
trons there to insure continuing fis 
sion. 


Monsanto, under a contract with 
the Nuclear Propulsion Division of 
the Navy’s Bureau of Ships, has com- 
piled the first engineering data to be 
obtained on the performance of or 
ganic coolants in a nuclear reactor 
core. 


Results indicate that organics offer 
economic advantages as noncorrosive, 





low-pressure coolants for nuclear re- 
actors. They are subject to some radi- 
ation damage, but resulting impuri- 
ties are easily distilled from the sys 
tem. The compounds also are the 
only coolants other than water known 
to moderate high-energy neutrons. 
Water is the most widely used 
coolant-moderator in reactors today, 
McEwen pointed out, but requires ex 
pensive, corrosion-resistant materials 
such as stainless steel plus a system 
which will withstand high pressures. 


The high construction and main- 
tenance costs of such coolant-modera 
tor systems are reported to be impor- 
tant reasons why reactor-generated 
power now costs several times as 
much as that generated from tradi 
tional fuels. 


Under the Navy’s contract, Mon 
santo designed and installed a test 
loop in the reactor of Brookhaven 
National Laboratories at Long Island, 
N. Y., late in 1954 and tested four 
biphenyl and terphenyl compounds in 
it throughout 1955. The amount of 
gas generated, the level of induced 
radioactivity and the extent of radia 
tion damages were determined, as 
well as the effects of decomposition 
products on the heat-transfer proper 
ties of the compounds. 


Monoisopropylbiphenyl and _ biphe- 
nyl, of the compounds tested, showed 
the most significant advantages as po- 
tential coolant-moderators for reac- 
tors. Their low 


vapor pressure indi- 
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cates their ability to function efficient- 
ly in a low-pressure system. 

There was little or no corrosion of 
the system, suggesting that mild steel 
could be used in constructing organic- 
cooled reactors. The compounds pick- 
ed up little radioactivity, indicating 
that heavy shielding of external parts 
of reactor cooling systems against 
hazardous gamma radiations might 


be reduced or even eliminated with 
the use of organic coolants. 

Radiation damage to the com 
pounds was substantial, Mr. McEwen 
said, but the decomposition products 
were found to be easily separable 
from the system by simple distillation. 
They created no problems of heat 
transfer in the system at concentra- 
tions of as much as 10 


> “As a matter of fact, it IS the whipped cream!” 
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For The Home Lab 





The Story of Aluminum 


Il. The Compounds 


by Burton L. Hawk 


> Tue compounps of aluminum have 
been in use many years before the 
metal itself. Although today the 
metal is more ps pular than its com- 
pounds, the latter still play an im- 
portant part in our daily lives. 

Since aluminum sulfate is the most 
easily obtainable aluminum salt, we 
will use it as our starting point. Pre- 
pare a solution of aluminum sulfate 
by dissolving two or three grams of 
the compound in 50 cc. of water. 
(The strength of the solution is not 
important for these reactions). To a 
portion of the aluminum sulfate solu- 
tion, add 5 or 10 cc. of 
hydroxide. 
cipitate hydroxide is 
obtained. This is one of 
faced compounds which plague chem 


ammonium 
A white, voluminous pre 
of aluminum 


those two 


istry students by acting both as a 
base, Al(OH)», and as an acid, 
H;AlO.. Thus, when dissolved in 
acids, aluminum hydroxide forms 
aluminum compounds. Add dilute 
hydrochloric acid to the aluminum 


hydroxide precipitate. Stir until the 
precipitate is entirely dissolved. This 
reaction will be accompanied by dense 
fumes due to the formation of am- 
monium chloride as side reaction 
with any unreacted ammonium hy- 
droxide. You now have a solution of 
aluminum chloride, AlCl.. 

Add a small portion of sodium hy 
droxide to aluminum sulfate solution. 
Note that the white precipitate is 
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formed as before. Now continue to 
add sodium hydroxide solution until 
the precipitate is entirely 
Here the aluminum hydroxide _per- 
forms as an acid and we obtain a 
solution of aluminate, 
NaAlO,. If you care to prepare the 
compound, simply evaporate the solu- 
tion to dryness. Sodium aluminate 
will dissolve readily in water to form 
a solution which is strongly alkaline. 
It is used in industry for dyeing and 
printing fabrics, paper, as a 
water softener, in the manufac- 
ture of soap. 


dissolved. 


sodium 


sizing 
and 


Fill two test tubes half full with 
aluminum sulfate solution. Add a few 
crystals of cobalt nitrate to one solu 
tion to color it pink. Add a few crys- 
tals of nickel sulfate to the other solu 
tion to color it light green. Now add 
a small portion of ammonium hy 
droxide to each container. Note that 
the aluminum hydroxide obtained i 
not pure white, as before, but instead 
pink and green respectively. This 
property to carry a color or impurity 
along with it makes ee hy 
droxide quite useful in many appli 
cations. For example, in the dye in 
dustry the color of a dye is attached 
firmly to the cloth by the absorbent 
power of aluminum hydroxide. This 
property is also utilized in the puri- 
fication of water, in which case alum- 
inum hydroxide is precipitated and 
upon settling removes much suspend- 
ed matter and even many bacteria. 
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Sizing paper is another example. 
Here the process brings to paper the 
ability to carry ink . . . which ad- 
heres to the aluminum hydroxide. 


Aluminum oxide is a most fascin 
ating compound because it occurs in 
so many different forms. It can be 
prepared as a soft, white powder. Or 
it can assume the form of hard gritty 
powder. The soft type dissolves in 
acids; the hard type does not. It oc- 
curs in nature as the mineral, baux- 
ite, one of the most important sources 
of the metal. It occurs also as the ex 
tremely hard and crystalline corun- 
dum and emery which form the most 
popular abrasives. It is prepared arti- 
ficially as alundum, also used as an 
refractory. But, 
the most romantic form of all is the 
transparent crystal variety in which 
form it is known as the ruby and the 


abrasive and as a 


sapphire. These gems are now pre 
pared synthetically by fusing powder 
ed alumina in an oxyhydrogen flame 
and crystallizing. If you are interested 
in performing this experiment at 
home, add a little chromium trioxide 
to produce the ruby and a little iron 
oxide and titanium dioxide for the 
blue sapphire. Or, if you prefer an 
oriental amethyst, this color is due 
to the presence of manganese. Even 
“star” gems (those exhibiting aster 
ism) can be made by careful treat 
ment of the materials. Thus the man- 
ufacture of synthetic gems has be- 
come an extensive industry and it is 
becoming increasingly difficult to dis- 
tinguish an artificial gem from a nat 
ural one. (Although the experts can 
still tell!). 


To prepare aluminum oxide, first 
prepare a solution of the hydroxide 
by mixing together solutions of alum 
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inum sulfate and ammonium _hy- 
droxide. Filter off the precipitate. 
Carefully scrape it from the filter 
paper into an evaporating dish. Heat 
gently until all water is driven off. 
This is the soft type of aluminum 
oxide. More intense heating will pro- 
duce a compound similar to bauxite 
and still more intense heat will pro 
duce the hard “corundum” type. 


When a soluble sulfide (such as 
sodium or ammonium) is added to 
aluminum sulfate, the hydroxide, not 
the sulfide, is precipitated. Aluminum 
sulfate exists only in the dry state. 
Whenever water is added, it imme- 
diately hydrolyzes: AloS, + 6HOH 
— 2Al(OH); +3Hb2S. Thus to pre- 
pare aluminum sulfide it is necessary 
to heat the two elements together. 

This property of hydrolysis occurs 
also with aluminum carbonate and 
acetate. When either of 
pounds are added to water, alumi 
num hydroxide is precipitated. Again, 
the reaction is put to good use. For 
example, cloth which is soaked in a 
solution of aluminum 
comes saturated with the aluminum 
hydroxide produced by hydrolysis. 
The hydroxide fills all the spaces be- 
tween the threads and renders the 
cloth waterproof. 


these com- 


acetate be 


The popular “alum” is made by 
mixing together equal molecular 
quantities of potassium sulfate and 
aluminum sulfate and dissolving in 
water. Upon evaporation, crystals of 
alum are formed. 

Pure clay is a double oxide of 
aluminum and silicon, AloOz (SiO)» 
.2H.O, is white in color, and is 
called kaolin. This substance is used 


to make porcelain and china. 
Aluminum sulfate is obtained from 
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clay by treating it with sulfuric acid. 
Perhaps you would like to try this. 
Simply digest the clay in sulfuric acid 
for several hours. Filter off the resi- 
due and test the filtrate for the pres- 
ence of aluminum. A good test is to 








add sodium hydroxide which will 
form the hydroxide at first but will 
redissolve in excess alkali. Ammon- 
ium hydroxide will produce the hy- 
droxide, but it will not redissolve in 
excess. 


Sex Ratio Control Through Blood Acidity 


> A PRACTICAL way of getting more 
boy than girl babies, or at least more 
male than female cattle, could come 
through testing and if necessary 
changing the acidity of the blood of 
the sire. This suggestion is made by 
Dr. K. G. McWhirter Oxford 
University. 


of 


It depends on a previous report 
that in mice the males with some- 
what acid blood had an excess of 
females in their offspring, while those 
with somewhat more alkaline blood 
had an excess of males in their off- 
spring. 

Mammals other than mice may also 
produce more males or more females 
according to the acidity or alkalinity 
of the blood of the male parents, it 
appears from other studies. 


Curbs on Food 


> TicHTER conTROLs on the safety of 
food crops treated with organic phos- 
phate insecticides have been put into 
effect by the U.S. Food and Drug 
Administration. 

In future these insecticides, which 
are related to the nerve gases, will 
have to be tested for potentiation. 
This is an increase of toxicity which 
occurs when some of the compounds 
are used together. It is explained in a 
statement from FDA as follows: 
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“Athletic men” have a tendency to 
produce more daughters, one report 
has shown, and athletic exertion re- 
duces blood alkalinity, at least tempo- 
rarily. 

Diet and high altitude have also 
been shown to be factors affecting 
blood acidity or alkalinity. 


From all these points, Dr. Me- 
Whirter concludes that “a practical 
system of controlling sex ratio in eco- 
nomically important animals might 
be set up.” 


Ways of doing it he suggests are: 
1. Select sires for the appropriate acid 
or alkaline blood tendency; 2. Alter 
the blood in the desired direction by 
drugs, diet or an artificial atmosphere 
of the desired oxygen level. 





Crop I nsecticides 


It takes 50 parts per million of 
EPN in the diet of dogs to produce 
a noticeable effect; it takes 250 parts 
per million of malathion to produce 
a noticeable effect; but when only 20 
parts per million of EPN and 100 
parts per million of malathion are fed 
simultaneously, the combination is 
quite poisonous to the test animal. 
The potentiating action of EPN 
and malathion for each other was 
discovered by FDA scientists. 
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Test Detects Nerve 
Gas In Water Supply 





If Reservoirs Are Poisoned 


> VerY SMALL amounts of lethal 
nerve gases in public water supplies 
can be rapidly detected by a test an 

nounced by Joseph Epstein of the 
Army Chemical Center, Md., in Pub- 
lic Health Reports, official journal of 
the Public Health Service. Mr. Ep- 
stein is chief of the sanitary chemistry 
branch, biochemical research division, 
Chemical Warfare Laboratories. 

The test is chemical, but one nerve 
gas, Tabun, can be detected by its 
fruity odor and both it and another 
nerve gas, Sarin, can also be detected 
by tests with small fish. 

Many chemicals that are poisonous 
when inhaled, such as hydrogen cyan 
ide and cyanogen chloride, are so 
rapidly broken down by hydrolysis in 
water that it would take enormous 
amounts, one ton in a_ 10,000,000 
gallon reservoir, to make the water 
dangerous for drinking, Mr. Epstein 
points out. 

Nerve gases, on the other hand, 
would be poisonous if water contain 
ing very small concentrations were 
drunk. The average man could safely 
drink water containing 25 parts per 
million of hydrogen cyanide for a 
week if he drank normal amounts of 
water daily. But for one nerve gas, 
Sarin, the safety level, or “tolerance,” 
has been set at five-tenths of a part 
per million for a person drinking no 
more than five quarts daily for three 


days. Tabun, another nerve gas, is 
about one-fourth as poisonous as 
Sarin when swallowed. 

The lethal amounts of either gas, 
however, are small enough so that 
contamination of water supplies is 
probable in case of chemical warfare. 

The test Mr. Epstein and associates 
have developed will detect as little as 
one-tenth of a part per million of 
Sarin in water, that is, a fifth of the 
concentration set as safe to drink in 
normal amounts for three days. 

The method of testing for both 
Sarin and Tabun in the presence of 
their hydrolysis products depends on 
their reaction with either benzidine 
or o-tolidine and alkaline peroxide 
solutions. The test is included now in 
Chemical Corps water-testing kits. 

The fish tests might be useful in 
some cases for detecting small con 
centrations of the gases in water. 
Green sunfish, fathead minnows or 
goldfish could be used. The concen- 
tration of each of the gases that will 
kill half of each of the test fish in 10, 
15 and 20 minutes has been worked 
out. Half of the goldfish, for example, 
will be killed in 10 minutes by thirty- 
five-hundredths parts per million of 
Sarin in water. 

Simple decontamination methods 
will rapidly destroy both Sarin and 
Tabun once detected in water sup 
plies. 


\ hot metal pressure-molding process, which best be described as 
high-pressure die casting, may permit casting even complicated parts 
to finished shapes and sizes without final machining. 
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The Story of Research Upon 
An Interesting Form of Oxygen 


Ozone—Friend or Foe 


by Dr. Hatpon A. Leepy 


Director, Armour Research Foundation of Illinois Institute of Technology 


Chicago 


> Ozonr—is it man’s friend or foe? 

Like many other chemicals, it can 
be both. It has a villaninous character- 
istic that causes it to attack and crack 
rubber; and taken in large enough 
doses it can be fatal. 

On the other hand, its useful quali- 
ties have been exploited as an oxidiz- 


ing agent in water purification, 
bleaching, food preservation and 
5 ° . . 
pharmaceutical synthesizing. 
Ozone is a pale blue gas whose 


molecules have three atoms of oxygen 
instead of the usual two in ordinary 
oxygen. Normally, it is found in ex- 
tremely small concentrations wherever 
oxygen is present. Larger quantities 
are found in the stratosphere where 
it is formed by the action of the sun’s 
ultra violet rays on oxygen. 


with rockets and_ balloons 
indicated that concentrations 
from 10 to 20 parts per million nor- 
mally occur at altitudes from 35 to 45 
miles. Atmospheric disturbances and 
normal downdrafts bring some of 
this ozone to the earth’s surface in 
varying—but very minute—amounts, 
depending the latitude and 
weather conditions. 


Tests 
have 


upon 


Ozone frequently is generated by 
an electrical discharge during a 
thunderstorm, and very often that 
fresh smell or feeling after a bolt of 
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lightning is the result of the purifying 
effects of ozone. 

A trained nose can identify ozone 
in quantities as low as one part in 
100 million and anyone can easily 
recognize concentrations approximate- 
ly one part in 10 million. Ozone’s 
odor has been described as similar to 
that of clover, new mown hay, chlor- 
ine, and nitric acid, depending on the 
concentration. 


Ultra violet lamps that produce ex- 
tremely minute amounts of ozone 
are finding a place in many wash- 
rooms as deodorizers and_ purifiers. 
Ozone is also used in some automatic 
driers and by some laundries to give 
laundry a fresh, clean odor as though 
hung out in the sunlight. 


The commercial method of pre 
paring this interesting material con- 
sists of passing dry oxygen through 
a silent electrical discharge. Several 
companies are manufacturing ma- 
chinery that can produce large a 
mounts of ozone for commercial use. 


Ozone presents a paradox. High 
above the surface of the earth hangs 
this layer of poisonous gas that is of 
immeasurable benefit to mankind. It 
it were not for this layer that absorbs 
the sun’s strong ultra violet rays it is 
possible that life as we know it on 
earth could not exist. 
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On the other hand, this “ozone 
curtain” around the earth may delay 
man from taking steps into outer 
space for it still has not been deter- 
mined precisely what effect this gas 
will have on men and materials that 
may attempt to pass through it. 

Although the existance of ozone 
100 


years, there still is much to be learned 


has been known for more than 


about its chemical behavior and_po- 
tential uses. And only recently have 
we been able to study ozone in its 
pure form. 

Despite this obscurity, we are mak- 
ing considerable commercial use of 
the sterilization of water, 
destruction of chemical wastes, in the 


ozone in 


control of severe odors, as an oxidant 
in industrial chemical processes, and 
as a powerful bleaching agent. 

Ozone has a highly germicidal 
activity on certain bacterial organ 
isms, and has been used for many 
years in both Europe and the United 
States as an ideal water purification 
agent. Concentrations of less than one 
part per million will completely steri 
lize water and at the same time 
effectively deodorize and clarify wa 
ter if it contains phenol or iron and 
manganese salts. Algae and certain 
fungus growths not destroyed by 
chlorine are highly susceptible to 
ozone treatment. 

In 1940, tests were made on the 
lower bay of Lake Michigan which 
supplies water to Whiting, Ind. The 
water was found to be so polluted by 
refining and chemical wastes that it 
was considered impossible to treat the 
water by conventional methods except 
at a prohibitive cost. Ozone was used 
with results that were acclaimed as 
outstanding by water specialists. 
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Equally important is the fact that 
ozone may permit us to cure the 
problem of water pollution at its 
source. It is quite possible that the 
waste that industry pours into the 
lakes and streams can be _ purified 
with ozone before it is dumped. Per- 
haps ozone will turn out to be our 
most important weapon yet in the 
fight against stream and lake pollu 
tion. 


To understand the purifying abil- 
ity of ozone it must be realized that 
it is an unstable molecule capable of 
releasing active oxygen. Because of 
this, it has the unique ability to de- 
stroy germs and eliminate odor, taste, 
and color. Thus it is able to perform 
many of the tasks that have troubled 
man for centuries. 

The bleaching ability of ozone is 
another well known quality. Bleach- 
ing of flour, 
starches, and other products has been 


oils, waxes, ivory, 
a costly process, but the use of ozone 
has rendered the task relatively simple 
and inexpensive in some cases. 

However, ozone seems to have an 
avidity for unsaturated products, and, 
thus, poses quite a problem in the 
bleaching of textiles and other goods. 
This, therefore, presents a wide open 
field for research and one that prob- 
ably will become quite active in the 
years ahead. 

There are many other applications 
Just to mention a few— 
used to inhibit the 
molds and bacteria in 
chambers, in 


of ozone. 
has been 


formation of 


ozone 


air con- 
ditioning units, in the quick drying 
of printing inks and varnishes, and 
for rapid aging of wood, wine, and 
whiskey. 


cold storage 


Recently an interesting report came 
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out of Germany about a dentist who 
used ozone to sterilize and clean 
cavities before inserting the fillings. 

During World War II the Germans 
attempted to develop an ozone-pro 
pelled rocket to bomb New York 
City. Fortunately, they failed to solve 
some of the technical problems in 
volved before the war terminated. 

Ozone research has been going on 
at Armour Research Foundation of 
Illinois Institute of Technology, Chi 
cago, since 1941. In that year two 
ARF scientists began to devote part 
time study to the influence of tem 
perature on ozonizer efficiency. 

In 1946 Foundation scientists ac 
cidentally produced liquid ozone 
without causing an explosion. All 
previous reports of this achievement 
had been discouraging. Many chem- 
ists thought that liquid ozone could 
not be produced without automatical 
ly generating an explosion. 

Then, Armour scientists delibera 
tely produced liquid ozone and suc 
ceeded in blowing up a laboratory. 
But the matter could not be left there. 
ARF scientists sought to determine 
why the liquid ozone had been stable 
in one instance and not in another. 


The Foundation continued its re 
search and improved its methods with 
the result that a patent was issued to 
three Armour engineers for the pro 
duction of stable liquid ozone by the 
process of passing oxygen over a hot 
copper oxide catalyst. 

More recently, the Foundation has 
been envolved in research on ozone 
toxicity and its tolerance level for 
human beings. At first, laboratory 
animals were used, and the research 
revealed that exposures as low at 12 
parts ozone to a million parts of air 


42 





proved fatal to some animals within 
three hours. The dose required to 
kill 50 per cent of the common labo- 
ratory animals was in the range of 20 
to 35 parts of ozone to a million of 
air. 


Sub-lethal doses of ozone induced 
edema, severe hemorrhage in the 
lungs, and retardation of weight. 
Physiological studies disclosed that 
ozone does not enter the blood stream 
of exposed animals; however, a de- 
crease in the quantities of respiratory 
enzymes present in the lungs of rats 
could be demonstrated. 

The logical next step was to test 
ozone toxicity on the human metab- 
olism. Dr. Hans-Georg Clamann, 
physiologist at the School of Aviation 
Medicine, Randolph Air Force Base, 
Texas, volunteered to be the guinea 
pig in a project sponsored by the 
school at the Foundation. 


In the first study of human reac 
tions, Dr. Clamann remained in the 
ozone chamber for two and one-half 
hours, breathing a concentration of 
two parts ozone to a million parts of 
air. A tickling sensation in the throat 
and a pain in the chest on deep in- 
halations were the first symptoms to 
appear. The vital capacity of Dr. 
Clamann’s lungs were reduced, but 
he was sufficiently recovered by the 
next day to participate in a second 
test. 

On the second day the concentra 
tion was increased to six parts ozone 
per million. Lung irritation became 
apparent after 20 minutes, but he 
remained in the gas chamber for a 
full hour and four minutes. At var 
ious stages of exposure he checked 
his pulse rate and tested his sense of 
taste by eating peanuts. 
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Neither his sense of taste nor smell 
was impaired by exposure to ozone. 
There was no change in his pulse 
rate, nor was there any eye irritation. 
However both Clamann and the pea 
nuts smelled like rancid butter be 
cause the fats in his skin and the 
peanuts had been oxidized. 

\lthough considerable controversy 
on the subject of ozone toxicity, 
it is generally agreed that concentra 
tions greater than one part per mil- 
lion by volume should be 
long 


eXxISts 


considered 
unsafe for term exposure by 
humans. 

The American Medical Association 
and various public health organiza- 
tions recommend that concentrations 
in excess of one part in 10 million by 
volume should not be considered safe 
for long exposure. And chemists have 
recommended that not greater than 
part per million be inhaled over 

period of eight hours. 

However, there is good evidence 
that ozone is a great ‘deal like salt. 
A little bit—very littk—may be good 
for the human metabolism. Too 
of course, harmful. Further 
investigé tion is necessary to determine 
the exact beneficial and toxic levels. 

A study is under way at 
Armour Foundation to determine ef 
ozone has on respiratory dis 
One avenue of research that 
will be explored is whether resistance 
to these 


one 


much is, 


now 


fects 
eases. 
diseases is lowered by ab 
normal amounts of ozone. This may 
yield further information on the ef- 
fects of smog on human beings. 
Ozone also is produced when the 
which 


Tungsten and carbon, 


into contact with 
hydro-carbons and oxides of nitrogen. 
Thus, ozone is a by ‘product of in- 
dustrial smog and is found in heavier 
amounts than normal in the smog of 
of Los Angeles. 

Ozone other villainous 
traits that bear further study. For 
example, ozone is the enemy of high 
voltage cables because it attacks rub- 
ber and causes it to crack as if cut 
with a sharp knife. The ozone in 
this instance apparently is formed by 
the electrical field around the cables. 
Further study is also needed on the 
possible damage that it may cause to 
automobile tires and other rubber 
products and installations in smoky 
industrial areas. 

It seems inevitable that quacks and 
charlatans will any new but 
undeveloped discovery and use it for 
their own selfish interests. 

Such, unfortunately, was the case 
with ozone. When the composition 
and efficacy of ozone was still much 
of a mystery imposters made all sorts 
of preposterous claims of its curative 
powers. These crude attempts to bilk 
the public, however, were promptly 
exposed by men with higher scientific 
and moral standards. 

It is clearly seen that the 
has only scratched on ozone 
research. Much obsurity still remains 
about the composition and_ potential 
uses of this mysterious chemical. But 
there is no doubt that many of these 
questions will be y the 
scientific being carried 


sunlight comes 


also has 


gre asp 


surface 
been 


answered by 
research now 
on. 


among the most heat resistant 


elements, turn to liquid or gas at about 7,000 degrees. 


Stainless steel is said to be superior to most other metals in its im- 


munity from radioactivity. 
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Anti-neutron Discovery 
Forerunner To Other Finds? 


Discovery of Anti-Particles 


> Discovery of the anti-neutron by 
scientists at the University of Cali- 
fornia does not exhaust the possible 
anti-particles physicists expect will be 
found. 

In the strange world of atomic 
nuclei, there are still a large number 
of short-lived anti-fragments that will 
leave their tell-tale tracks in the super- 
saturated water vapor of a cloud 
chamber or be caught on photographic 
emulsions. Both cosmic rays and the 
high energy atom smashing machines 
could yield these new anti-particles. 

Most likely accelerator to produce 
one or more of the yet undiscovered 
anti-particles is the new ten billion 
electron volt (Bev) machine scheduled 
to start operation within six months 
in Russia. It has the necessary power 
to turn pure energy into matter just 
as was done in the six Bev bevatron 
at Berkeley to make both the anti 
proton and the anti-neutron. 

Although pi mesons, the glue that 
keeps atomic cores from flying apart, 
have anti-particles physicists have 
known about, anti-particles for the 
very rare hyperons have not yet been 
found. Hyperons are unstable _par- 


The great altitudes at which jet planes have to fly for efficient opera- 


ticles having masses heavier than the 
neutron and proton. 

They live for only billionths of a 
second, but during that fleeting life- 
time, their existence is just as real as 
that of the neutron, which lasts for 
about 15 minutes before decaying in- 
to a proton. 


One puzzling question, therefore, is 
exactly what are fundamental par- 
ticles. Neutrons and protons are, 
physicists agree, but they are still de- 
bating where to draw the line, since 
the number of strange fragments 
found in the debris of smash-ups be- 
tween atoms keeps increasing. 

The anti-particles of hyperons ex- 
pected some day to be discovered in- 
clude one for Lambda zero; one for 
each of the three kinds of Sigmas 
now known, and one for negative Xi. 


Scientists are also searching for the 
anti-neutrino. The neutrino, first sug- 
gested by Dr. Wolfgang Pauli and 
the late Dr. Enrico Fermi in 1934, 
was only recently detected directly, 
although its existence had long been 
thought real on the basis of indirect 
evidence. 







tion, typically about 40,000 feet, make them inefficient for flights of 


less than 600 miles. 


A blend of 70% wool and 30% Dynel was found most suitable of 
materials tested for Air Force summer flight clothing. 


Oil of angelica seed, commonly used as a flavoring for liqueurs and as 


a perfume, is being used in Florida as a lure for Mediterranean fruit fly 


traps. 
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New Patents Point the Way 
Toward Industrial Development 


New Chemical Patents 


To obtain copies of these new pat 
ents, order them by number from the 
Commissioner of Patents, Washing- 
ton 25, D. C. Enclose 25 cents in coin, 
Patent Office Cou- 
pons (but not stamps) for each patent 


ordered 
Body Radar Detector 


> A xinp of radar method for detect 
ing diseases deep within the body of 


money order or 


humans has been perfected. It is call- 


ed a “supersonic exploring device.” 
With it, doctors can direct a beam of 


sound into the human body and see 
the waves on a screen as they bounce 
back. The pattern of the 
wave can then be interpreted by an 
experienced operator. 

The medical radar 
frequency range which lies between 
20,000 and 20,000,000 cycles per sec- 
ond. It is the invention of Luther G. 
Simjian of Greenwich, Conn., who 
patent No. 2,763,153. He 
assigned the patent rights to The 
Reflectone Corporation of Stamford, 
Conn. 


“reflected 


operates at a 


received 


A-Power to Electrical Energy 

> A cotp-pLatep device has been in 
vented that converts 
radioactive 
ergy. 


power from a 
material to electrical en- 


It is designed to provide electrical 
energy at a constant flow even though 
the initial power from the atomic fuel 
is not being emitted at a constant 
rate. 


The device is a round globe made 


of beryllium. One half of the beryl- 
lium boiler is made opaque with a 
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The other 
half of the globe has a similar gold 
pl: ited cover, which can be automat 
ically moved to make the top half of 


cover of gold-plated steel. 


the globe either 


opaque, 


transparent or 


filled 
with a radioactive material in molten 
liquid cerium 144 
(which has a half-life of about 275 
days). A beryllium paddle keeps the 
molten agitated. The 
from the “hot” 


In operation, the globe is 


form, such as 


atomic fuel 
radioactive power 
electrical 
power by means of a mercury vapor 
system. 


cerium is converted into 


Attached to the device is a 
regulator. If the voltage is too high, 
the regulator automatically adjusts 
the movable gold-plated cover to al 
low more dissipation of the radioac- 
tive energy. If too low, 


voltage 


the cover is 
closed to keep more energy in the 
globe. 

boiler is the in- 
vention of Stanley Lawrence Gendler 
Angeles, and Harry A. Koch 
of Venice, Calif. Granted patent No. 


The radioactive 


of Los 


2,765,414, the inventing team assign- 
ed the patent rights to the Rand 


Corporation of Santa Monica, Calif. 


Enzyme-Treated Paper 

> Moist Foops that rapidly go bad 
when exposed to the air can be kept 
fresh and safe in a sheet treated with 
an enzyme. 

The invention that makes this pos- 
sible earned its inventors, Ben L. 
Sarett and Don Scott of Chicago, Ill., 
patent No. 2,765,233. 





















































































































According to the inventors, a fa- 
bric or sheet is impregnated or coated 
with an enzyme comprising glucose 
oxidase and catalase. When food pro- 
ducts, such as butter, cheese or frozen 
peaches, are wrapped in the paper 
they are protected against rapid oxi- 
dative deterioration. What happens, 
they explain, is that the enzyme, in 
the presence of glucose, reacts with 
atmospheric oxygen and prevents the 
penetration of the oxygen into the 
moist food. 

The inventors claim that the en 
zyme treated paper is comparatively 
less expensive than is metal foil for 
the purpose of protecting food. 


Antibiotic Ice 
> Use of antibiotics in ice “for ex 
tending the storage life of foodstuffs” 
has been granted a patent by the 
Government. 

The antibiotic ice, however, has so 
far been approved only by the U. S. 
Food and Drug Administration for 
preserving uncooked poultry. Re 
search is under way to determine safe 
antibiotic levels on other meat and 
fish products. 

The patent, number 2,766,124, was 
granted to Sidney Upham of Pearl 
River, Francis M. Callahan of Stony 
Point, and Joseph F. Weidenheimer 
of Pearl River, N. Y., who assigned 
their rights to American Cyanamid 
Company, New York. 

The ice contains from five-tenths 
to about 30 parts per million of tetra- 
cycline, chlortetracycline, bromotetra- 
cycline or oxytetracycline, or mixtures 
of them. It also contains certain 
metals and a polymeric water-soluble 
compound. 

The FDA allows no more than 
seven parts per million of the anti- 
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biotic to remain on treated uncooked 
poultry, since this amount is destroy- 
ed on cooking. 

Use of antibiotics by fishermen to 
preserve the catch so the boats do not 
have to return to port as often is now 
being investigated, but has not yet 
been approved by U. S. authorities. 
Refining Uranium 
> AN improvep method for refining 
uranium won patent number 2,766, 
110 for George Meister of Newark, 
N. J., who assigned his rights to the 
Government as represented by the 
Atomic Energy Commission. 

The process consists of heating 
uranium contaminated with impuri- 
ties in a fused salt bath at a tempera- 
ture near 1,200 degrees Centigrade 
for about ten minutes, stirring with 


a carbon rod. A “particularly  suit- 
able” bath might contain barium 
chloride and potassium hydrogen 
fluoride. 


The fused uranium formed in the 
bottom of the container is free of 
oxide and salt impurities, and free of 
metals, Mr. Meister claims. The 
method is said to be “particularly 
economical” since it eliminates crush- 
ing, washing, grinding, sintering and 
similar steps previously used. 
Hunting Oil Deposits 
> A new method for hunting buried 
oil deposits was granted a patent by 
the Government. The method con- 
sists of testing water, obtained from 
prospect areas and wildcat wells, for 
as little as one part per million of 
dissolved oil using ultraviolet light. 

The presence of dissolved hydro- 
carbons indicates the subterranean 
waters have been in contact with or 
are near oil deposits, Norman D. 
Coggeshall, Verona, and William E. 
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Hans Pittsburgh, Pa., state. Key 
to their method, for which they were 
granted patent number 2,767,320, is 
suitable extraction of the dissolved 


oil followed by distillation to remove 
impurities that would interfere with 
ultraviolet examination of the sample. 
The chemical process is particularly 
suitable for detecting benzene, which 
is present in crude petroleum and 
which is more soluble in water than 
most other aromatic hydrocarbons. 


Rights to the new method of geo 
chemical prospecting have been as 
signed to the Gulf Research & Devel 
opment Company, Pittsburgh. 


Recovering Atomic Fuel 

> Tue Unirep States as represented 
by the Atomic Energy Commission 
was assigned patent rights to three 
methods of recovering atomic fuel 
and other metals. 

ethcient 
plutonium 
from impurities commonly associated 
therewith in a_ neutron-irradiated 
uranium mass, two inventors received 
patent number 2,767,044. Orville F. 
Hill of Champaign, IIl., and Stanley 
G. Thompson of Richmond, Calif., 
point out that plutonium usually con- 
stitutes less than one percent of the 
radioactive mass from which it has 
to be separated, and that their process 


and 
recovering 


convenient 
method — of 


For a 


for recovery has considerable advan 
tage over other methods. 

Robert F. McCullough of Lake- 
land, Fla., has devised a means of 
producing phosphate compounds for 
use in fertilizers, animal feed supple- 
ments and chemicals, that also yields 
uranium from the raw materials pro 
cessed. For it, he was granted patent 
number 2,767,045. 
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High-purity alumina can be separ- 
ated from such phosphate bearing 
found in the Florida 
Pebble Phosphate Field, using the 
method worked out by Robert J. 
Piros, Jr. of Lakeland, Fla., in which 
uranium is also recovered. The pro- 
cess, which received patent number 
2,767,046, involves a reaction between 
solid phosphate and aluminum bear- 
ing materials and molten sulfates of 
ammonia. 


ores as those 


Metallo-Ceramic Combinations 

> A new combination of metals and 
ceramics won patent number 2,767,- 
463 for Skon Tacvorian of Paris, 
France. Its base is such oxides as zir- 
conia and thoria, rather than alum- 
ina or magnesia, combined with zir 
conium or thorium metal. 

His metallo-ceramic composition 
retains desirable characteristics at 
temperatures above 1,400 degrees 
Centrigrade even after long periods 
of service, despite repeated tempera- 
ture variations, both large and sud- 
den. Its cost is comparatively low, 
Mr. Tacvorian claims, and it can be 
produced by conventional powder- 
metallurgical or sintering methods. 
He assigned rights to “Office Nation- 
al d’Etudes et de Recherches Aero- 
nautiques,” Chatillon-sous-Bagneux, 
France. 


Cooling Jet Aircraft 

> Pitots and passengers in jet air- 
craft will breathe air of nearly con- 
stant temperature at both high and 
low altitudes if the system invented 
by Russell S. Hall of Indianapolis, 
Ind., is adopted. He was awarded 
patent number 2,767,562 for his im- 
proved method of pressurizing and 
refrigerating jet aircraft. 
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Reactor Suretpinc Desicn Man- 
vuAL — Theodore Rockwell III, Ed. 
— McGraw-Hill, 481 p., illus., $6.00. 
To help the engineer or scientist de- 
sign a practical shield by making 
available the techniques and data de 
veloped by the Naval Reactors Pro- 
gram and Pressurized Water Reactor 
Program. 


Cavper Hatt: The Story of Brit- 
ain’s First Atomic Power Station — 
Kenneth Jay — Harcourt, Brace, 88 
p., illus., $3.00. By a member of the 
staff of Great Britain’s Atomic Ener- 
gy Department. Written in non-tech- 
nical language, but of interest to 
scientist and layman alike. 

Hanpsook oF CHEMISTRY AND 
Puysics: A Ready-Reference Book of 
Chemical and Physical Data — 
Charles D. Hodgman, Robert C. 
Weast and Samuel M. Selby, Eds. - 
Chemical Rubber Publishing Com- 
pany, 38th ed., 3206 p., $12.00. Im 
portant reference work for the chem- 
ist or physicist. The familiar features 
and scheme of arrangement have 
been retained in this newest edition. 


Discovery OF THE ELEMENTS 
Mary Elvira Weeks. Edited with a 
chapter on elements discovered by 
atomic bombardment by Henry M. 
Leicester — Journal of Chemical Ed- 
ucation, 6th ed., 910 p., illus., $10.00. 
The exciting story of this series of 
discoveries from the gold and silver 
known to the ancient world to the 
detection of einsteinium, fermium 
and mendelevium in a thermonuclear 
explosion and in nuclear bombard 
ment. 
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Atomic Enercy For Your Bust 
Ness: Today's Key to Tomorrow’s 
Profits — Arnold Kramish and Eu- 


gene M. Zuckert — David McKay, 
269 p., illus., $3.95. Through the 
smoke and radioactive dust of Hiro- 
shima and through the word-clouded 
atmosphere of the first atomic decade, 
the bright hope of atomic energy still 
shines and brightens, the authors say. 


SyntHetTic Potypeptipes: Prepara- 
tion, Structure, and Properties — C. 
H. Bamford, A. Elliott and W. E. 
Hanby — Academic, 445 p., illus., 
$10.00. A comprehensive survey of 
knowledge on this class of high poly 
mers with unique characteristics of 
particular interest because of their re 
lation to proteins. 


Gas - PHase CHROMATOGRAPHY 
John R. Lotz and Charles B. Willing 
ham — Mellon Institute, 5 p., illus., 
paper, free upon request direct to 
publisher, 4400 Fifth Avenue, Pitts 
burgh 13, Pa. Description of a simple 
and rapid method separating 
nearly any mixture whose compon- 
ents have appreciable vapor pressures. 
Necessary apparatus is simple and in 


tor 


expensive. 


Atomic ENERGY A. Radcliffe 
and E. C. Roberson Philosophical 
Library, 142 p., illus., $4.75. A simply 
written book about the tiny atom and 
its tremendous power. 


Atomic Weapons AND East-WEs1 
M. S. Blackett — 
Cambridge University Press, 107 p., 
$2.00. A Nobelist in physics who has 
worked on atomic energy writes on 
& most important and timely topic. 
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Science Service Books On Chemistry 





THE CHEMISTRY WE USE 

Experiments for your Home Lab on the air we breathe, the water we 
drink, the food we eat, the clothing we wear, the coins we spend, and 
other chemical matters in our daily lives. Fully indexed, cloth bound. 


Postpaid $2.00 





SCIENTIFIC INSTRUMENTS YOU CAN MAKE 


Directions for making these instruments: stroboscope, cloud chamber, 
oscilloscope, ultrasonic wave generator, spectrograph, Geiger counter, 
scintilloscope, relay calculator, astronomical camera; also mathematical 
constructions and chromatography methods. These constructions and 
instruments have been made by high school boys and girls. You can 
build your own, and use them to carry on your own scientific research 
projects. Fully indexed, cloth bound. Postpaid $2.00 


SCIENCE EXHIBITS 


Science Exhibits tells you how to select your material, how to plan 
its presentation, how to display, to label and to light it, how to de- 
scribe the work you have done, how to tell about it so that those who 
think science is “too difficult” will understand and share your enthus- 
iasm. Contains new samples of research project reports of the 
Science Talent Searches conducted annually by Science Service for 
the Westinghouse Science Scholarships. Fully indexed, cloth bound. 


Postpaid $2.00 


ORGANIC CHEMISTRY FOR THE HOME LAB 


Written in the friendly style which CHEMISTRY’S Home Lab fans 
find easy to follow, these directions not only tell how to make indivi- 
dual chemical products but give you general methods and show you 
how to apply them to new problems. Fully indexed, cloth bound. 


Postpaid $2.00 


Order from SCIENCE SERVICE, 1719 N St. N.W., Washington 6, D. C. 
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